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ENVIRONMENTAL PROTECTIONAGENCY
40 CFR Part 300
IFRL-3730-8]
RIN 2050 AB73
Hazard Ranking System
AGENCY: Environmental Protection
Agency.
ACTION: Final rule.
SUMMARY: The Environmental Protection
Agency (EPA) is adopting revisions to
the Hazard Ranking System (MRS), the
principal mechanism for placing sites on
the National Priorities List (NPL). The
revisions change the way EPA evaluates
potential threats to human health and
the environment from hazardous waste
sites and make the HRS more accurate
in assessing relative potential risk.
These revisions comply with other
statutory requirements in the Superfund
Amendments and Reauthorization Act
of 1980 (SARA).
DATES: Effective date March 14,1991. As
discussed in Section III H of this
preamble, comments are invited on the
addition of'specific benchmarks in the
air and soil exposure pathways until
January 14,1991.
ADDRESSES: Documents related to this
rulemaking are available at and
comments on the specific benchmarks in
the air and soil exposure pathways may
be mailed to the CERCLA Docket Office,
OS-245, U.S. Environmental Protection
Agency, Waterside Mall. 401M Street.
SW, Washington. DC 20460, phone 202-
382-3046. Please send four copies of
comments. The docket is available for
viewing by appointment only from 9:00
am to 4:00 pm, Monday through Friday,
excluding Federal holidays. The docket
number is 105NCP-HRS.
FOR FURTHER INFORMATION CONTACTSteve Caldwell or Agnes Ortiz,
Hazardous Site Evaluation Division,
Office of Emergency and Remedial
Response, OS-230, U.S. Environmental
Protection Agency, 401 M Street, SW,
Washington, DC 20460, or the Superfund
Hotline at 800-424-9346 (in the
Washington, DC area, 202-382-3000).
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I. Background
In 1980, Congress enacted the

Comprehensive Environmental
Response, Compensation, and Liability
Act (CERCLA) (42 U.S.C. 9601 et seq.),commonly called the Superfund, in
response to the dangers posed by
uncontrolled releases of hazardous
substances, contaminants, and
pollutants. To implement section
105(8)(A) of CERCLA and Executive
Order 12316 (46 FR 42237, August 20,1981), the U.S. Environmental ProtectionAgency (EPA) revised the National Oil
and Hazardous Substances Pollution
Contingency Plan (NCP), 40 CFR part
300, on July 16.1982 (47 FR 31180), with
later revisions on September 16,1985 (50
FR 37624), November 20,1985 (50 FR
47912), and March 8,1990 (55 FR 8666).
The NCP sets forth guidelines andprocedures for responding to releases orpotential release of hazardoussubstances, pollutants, or contaminants.Section 105(8)(A) of CERCLA (now
section 105(a)(8)(A)) requires EPA to
establish:

Criteria for determining priorities among
•n! AJtrnw. 'hr.HAtpjiRrL'-AlftiUftX (pi hazardoussubstances] throughout the United States forthe purpose of taking remedial action and, tothe extent practicable taking into account thepotential urgency of such action, for thepurpose of taking removal action. Criteria 'and priorities * ' * shall be baied upon therelative risk or danger to public health orwelfare or the environment * * * taking intoaccount to the extent possible the populationat risk, the hazard potential of the hazardous
substances at such facilities, the potential for
contamination of drinking water supplies, the
potential for direct human contact [and] thepotential for destruction of sensitive
ecosystems ' * *.

To meet this requirement and help set
priorities, EPA adopted the Hazard.Ranking System (HRS) as appendix A to
the NCP (47 FR 31180, July 16,1982). The
HRS is a scoring system used to assess
the relative threat associated with
actual or potential releases of hazardous

substances at sites. The HRS is theprimary way of determining whether a
site is to be included on the NationalPriorities List (NPL), the Agency's list of
sites that are priorities for long-term
evaluation and remedial response, and
is a crucial part of the Agency's programto address the identification of actual
and potential releases. (Each State can
nominate one site to the NPL as a State
top priority regardless of its HRS score;
sites may also be added in response to a
health advisory from the Agency forToxic Substances and Disease Registry
(see NCP. 40 CFR 300.425(c](3)).) Under
the original HRS, a score was
determined for a site by evaluating threemigration pathways—ground water,surface water, and air. Direct contactand fire and explosion threats were alsoevaluated to determine the need for
emergency actions, but did not enter
into the decision on whether to place a
site on the NPL

In 1986, Congress enacted theSuperfund Amendments and
Reauthorization Act of 1986 (SARA)
(Pub. L. 99-499), which added section
105(c)(l) to CERCLA, requiring EPA to
amend the HRS to assure "to the
maximum extent feasible, that thehazard ranking system accurately
assesses the relative degree of risk to
human health and the environment
posed by sites and facilities subject to
review." Congress, in its Conference
Report on SARA, stated the substantive
standard against which HRS revisions
could be assessed:
This standard is to be applied within the

context of the purpose for the National
Priorities List; i.e., identifying for the States
and the public those facilities and sites which
appear to warrant remedial actions. * * *
This standard doe* not. however, require the
Hazard Ranking System to be equivalent to
detailed risk assessments, quantitative or
qualitative, such a* might be performed as
part of remedial actions. The standard
require* the Hazard Ranking System to rank
site* a* accurately as the Agency believe* isfeasible using information from preliminary
assessments and site inspections * * *
Meeting this standard does not require long-
term monitoring or an accurate determinationof the full nature and extent of contamination
at sites or the projected levels of exposure
such a* might be done during remedial
investigation* and feasibility studies. This
provision Is intended to ensure that the
Hazard Ranking System performs with a
degree of accuracy appropriate to its role in
expeditiously identifying candidates for
response actions. [H.R. Rep. No. 962, 99th
Cong., 2nd Sess. al 199-200 [1986]]
Section 105(c)(2) further specifies that
the HRS appropriately assess the human
health risks associated with actual or
potential contamination of surface
waters used for recreation or drinking
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water and that this assessment should 105(c)(3). sites scored with the original
of any hazardous substance throughsurface water to downstream sources ofdrinking water.SARA added two criteria forevaluating sites under section105(a)(8)(A): Actual or potentialcontamination of the ambient air andthreats through die human food chain. Inaddition, CERCLA section 118. added bySARA, requires EPA to give a highpriority to facilities where the release ofhazardous substances has resulted inthe closing of drinking water wells orhas contaminated a principal drinkingwater supply. Finally, CERCLA section125, added by SARA, requires revisionsto the HRS to address facilities thatcontain substantial volumes of wastesspecified in section 3001(b)(3)(A)(i) ofthe Solid Waste Disposal Act.commonly referred to as the ResourceConservation and Recovery Act(RCRA). These wastes include fly ashwastes, bottom ash wastes, slag wastes,and flue gas emission control wastesgenerated primarily from thecombustion of coal or other fossil fuels.Specifically, section 125 requires EPA to
revise the MRS to assure the appropriate
consideration of each of the followingsite-specific characteristics of suchfacilities:
• The quantity, toxicity, andconcentrations of hazardousconstituents that are present in such

waste and a comparison with otherwastes;
• The extent of, and potential for.

release of such hazardous constituentsinto the environment; and• The degree of risk to human health
and the environment posed by suchconstituents.

EPA published an advance notice ofproposed rulemaking (ANPRM) on April
9,1987 (52 FR11513], announcing its
intention to revise the HRS and
requesting comments on a number ofissues. After a comprehensive review of
the original HRS, including
consideration of alternative models andScience Advisory Board review, EPApublished a notice of proposedrulemaking (NPRM) for HRS revisions
on December 23,1988 (53 FR 51962). TheNPRM contains a detailed preamble,which should be consulted for a moreextensive discussion of CERCLA, SARA,
the HRS, and the proposed changes to(he HRS.
Today. EPA is publishing the revised

HRS. which will supersede the HRS
previously in effect as appendix A to the
NCP. CERCLA section 105(c)(l) slates
that the revised HRS shall be applied toany site newly listed on the NPL after its
effective dale; as specified in section
S-OJI999 OOOJ(OOXI3-DEC-90-11 : 12:35)

be reevaluated.The HRS is a scoring system based onfactors grouped into three factorcategories. The factor categories aremultiplied and then normalized to 100pointa to obtain a pathway score (e.g..the ground water migration pathwayscore). The final HRS score is obtainedby combining the pathway scores usinga root-mean-square method. Theproposed HRS revised every factor tosome extent. A few factors werereplaced, and several new factors wereadded. The major proposed changesincluded:(1) Consideration of potential as wellas actual releases to air;(2) Addition of mobility factors;(3) Addition of dilution and distanceweightings for the water migrationpathways and modification of distanceweighting in the air migration pathway;(4) Revisions to the toxicity factor;(5) Additions to the list of coveredsensitive environments;(6) Addition of human food chain andrecreation threats to the surface watermigration pathway;(7) Revision of the hazardous wastequantity factor to allow a tiered
approach;(8) Addition of health-basedbenchmarks for evaluating population
factors and ecological-basedbenchmarks for evaluating sensitiveenvironments;

(9) Addition of factors for evaluating
the maximally exposed individual; and(10) Inclusion of a new onsite
exposure pathway.EPA conducted a Field test of the
proposed HRS to assess the feasibility
of implementing the proposed HRS
factors, to determine resources required
for specific tasks, to assess the
availability of information needed for
evaluation of sites, and to identify
difficulties with the use of the proposed
revisions. To meet the objectives, site
inspections were performed at 29 sites
nationwide. The sites were selected
either because work was already
planned at the site or because the sites
had specific features EPA wanted to testusing the proposed revisions to the HRS.The major results of the field test were
summarized on September 14,1989 (54
FR 37949], when the field test report was
made available for public review andcomment.
II. Overview of the Final Rule

The rule being promulgated today
Incorporates substantial changes to
revisions proposed in December 1988.EPA has changed the rule for three
reasons: (1) To respond to the general

F4701.FMT...[16.30]...7-08-88

comment submitted by manycommenters that the factor categoriesand pathways need to be consistentwith each other (2) to respond tospecific recommendations made bycommenters; and (3) to respond toproblems identified during the field testand discussed in the field test report.Major changes affecting multiplepathways include:• Multiplication of hazardous wastequantity factor, toxicity, and otherwaste characteristics factors;• Uncapping of population factors
(i.e.. no limit is placed on maximumvalue);
• Revised criteria for establishing anobserved release;
• Capping of potential to release at avalue less than observed release;
• Revision of the toxicity evaluationto select carcinogenic and non-cancer

chronic values in preference to acutetoxicity values;
• Elimination of Level 111

concentrations and extension of
weighting based on levels of exposure to
nearest individual (well/intake; formerly
maximally exposed individual) factors;
• Modification of the weights

assigned to Level I and Level II
concentrations;
• Revisions to the benchmarks used

and methods for determining
exceedance of benchmarks;
• Use of ranges to assign values forpotentially exposed populations;
• Inclusion of factors assessing

exposures of the nearest individual in
all pathways;
• Revisions to distance and dilution

weights in all pathways except ground
water migration;

• Replacement of the use factors with
less heavily weighted resources factors;

• Evaluation of wetlands based on
size or surface water frontage; and
• Specific instructions for the

evaluation of radionuclides at
radioactive waste sites and sites with
radioactive and other hazardous
substances wastes.

The major changes in the ground
water migration pathway include:
• Replacement of depth to aquifer/

hydraulic conductivity and sorptive
capacity factors with travel time and
depth to aquifer factors; and

• Revision of the mobility factor,
including consideration of distribution
coefficients.
In the surface water migration

pathways, the major changes include:
• Elimination of the separaterecreational use threat;
• Addition of a ground water to

surface water component:
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• Incorporation of bioacctunulation-

into the waste characteristics factorcategory rather than the target* factorcategory for the human food chain
threat:
• Revision to allow use of additional

tissue samples in establishing Level Iconcentrations for the human food chain
threat; and
• Addition of ecosystem

bioaccumulation potential factor for
sensitive environments.

The major changes in the soil
exposure pathway (formerly the onsite
exposure pathway) include:
• Elimination of separate

consideration of the high risk
population;
• Inclusion of hazardous wastequantity in the waste characteristics

factor category;
• Consideration of workers in the

resident threat's targets factor category,
and

• Revisions to scoring of terrestrialsensitive environments.
The major changes in the airmigration pathway include:• Separate evaluation of gas and

particulate potential to release; and• Consideration of actual
contamination in evaluating sensitiveenvironments.
Figures 1 to 4 show the differencesbetween the pathways in the original

HRS and in the final rule.
MIUW CON MW-IO-M
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Figure 1

Ground Water Migration Pathway
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Figure 2 en

Surface Water Migration Pathway I
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Figure 2

Surface Water Migration Pathway (continued)
FINALHRS
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Figures

Soil Exposure Pathwayl
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Figure 4

Air Migration Pathway
ORIGINAL HRS
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Section III of this preamble

summarizes and responds to majorissues raised by commenters. These
issues are organized so that issues thataffect multiple pathways are covered
first, followed by discussions of
individual. oailwaJi issues, Section IV
provides a section-by-section discussionof the final rule. All substantive changes
not discussed in section III are identified
in section IV. Because the rule has been
requirements, editorial changes are notgenerally noted.
III. Discussion of Comments

About 100 groups and individualssubmitted comments on the ANPRM and
NPRM. Nineteen of these also submittedcomments on the field test report; twoother groups' submitted comments only
on the field test report. The commenters
included more than 20 State agencies,
several Federal agencies, companies,trade associations, Indian tribes,
environmental groups, technical
consultants, and individuals. This
section summarizes and responds to the
major issues raised by commenters. A
description of the comments and EPA'sresponse to each issue raised in thecomments are available in Responses to
Comments on Revisions to the Hazard
Ranking System (MRS) in the EPA
CERCLA docket (see ADDRESSES section
above].
A. Simplification

In response to SARA, EPA proposedrevisions to the HRS so that, to the
maximum extent feasible, it accuratelyassesses the relative risks posed by
hazardous waste sites to human health
and the environment. Consequently, theproposed rule required more data than
did the original HRS.A number of commenters stated that
the data collection requirements of theproposed rule were excessive given its
purpose as a screening tool. These
commenters expressed concern that the
data requirements were too extensive
for a screening process; specifically, that
the data requirements would lengthen
the time needed to score sites with the
HRS, increase the cost of listing sites,
and, therefore, limit the money available
for remedial actions. Most
commenters — even those who
considered that the revisions increased
the accuracy of the model — stated that
the resources required to evaluate sites
under the proposed HRS were
excessive.

One commenter suggested the
proposed HRS would be so expensive to
implement that EPA would need to
develop a new screening tool to
determine whether a site should undergo

an HRS evaluation. Another commenter
suggested that because of thecomplexity of the proposed revisions,preliminary scoring of a site during thesite assessment process would beimpractical because sites wouldadvance too far in the site assessment
process before they were determined
not to be NPL candidates. Several
commenters stated that, with theadditional requirements, the proposed¥E&*&iuwt of. a. ojianlltaliva risk-assessment tool than the screening toolit is supposed to be. Another suggestedthat the increased accuracy of the
proposed rule over the original HRS is ofmarginal value relative to the amount oftime and money involved, and that the
HRS is no longer a quick andinexpensive method of assessingrelative risks associated with sites.Several commenters expressedconcern that the increased data
requirements of the proposed HRSwould affect the schedule of the entiresite assessment process. They suggested
that these requirements would create a
backlog of sites to be evaluated, slow
the process of listing sites, and delaycleanup. Some noted that this would be
contrary to the goal of identifying andevaluating sites expeditiously.In response, the Agency believes therequirements of the final rule are within
the scope of the site assessment process
and that a new screening tool to
determine whether a site should undergo
an HRS evaluation will not be needed.To assist in screening sites, the site
assessment process is divided into twostages:• -A preliminary assessment (PA],
which focuses on a visual inspection,
collection of available local, State, and
Federal permitting data, site-specificinformation (e.g., topography,
population), and historical industrial
activity; and
• A site inspection (SI], where PAdata are augmented by additional data

collection, including sampling ofappropriate environmental media and
wastes, to determine the likelihood of a
site receiving a high enough HRS scoreto be considered for the NPL.The field test identified a best
estimate of the average and range of
costs incurred to support the data
requirements of the proposed HRS.
These cost estimates represented theentire site assessment process from PA
to SI, and comprehensive evaluations
for all pathways at most sites. As such,
the Agency believes these costestimates overstate the costs associated
with site assessments occurring on the
greater universe of CERCLA sites. Theamount of data collected during an SI
varies from site to site depending on the

complexity of the site and the number of
environmental media believed to be
contaminated. Some Sis may be limited
in scope if data are easy to obtain, while
others require more substantial resource
commitments. The most important
factors in determining costliness of an SI
are (1) the presence or absence of
ground water monitoring wells in
situations where ground water is
affected, and (2) the number of affected
samples taken and analyzed. The
Agency believes the greater universe of
CERCLA sites will not require the more
substantial resource commitments.
Finally. EPA does not agree that the

requirements of the final rule will delay
the listing of sites. The site assessment
process screens sites at each stage,
thereby limiting the number of sites that
require evaluation for scoring. The
Agency believes that it will be possible
to score sites expeditiously with the
revised HRS.

The Agency believes the additional
data requirements of the final rule will
make it more accurately reflect the
relative risks posed by sites, but also
that the HRS should be as simple as
possible to make it easier to implement
and to retain its usefulness as a
screening device. This approach
responds to the majority of commenters
who recommended that EPA simplify
the proposed HRS to make it easier and
less expensive to implement. In
response to these comments, the rule
adopted today includes a number of
changes from the proposed rule that
simplify the HRS. These simplifying
changes were based largely on EPA's
field test of the proposed rule,
sensitivity studies, and issue analyses
undertaken by EPA in response to
comments.

• In the surface water migration
pathway, the proposed recreation threat
has been eliminated as a separate
threat. Instead of requiring a separate
set of detailed calculations and data, the
final rule accounts for recreational use
exposures through resources factors,
where points may be added for
recreation use.
• In the ground water migration

pathway, the proposed potential to
release has been simplified by dropping
"sorptive capacity," by revising "depth
to aquifer" and making it a separate
factor, and by eliminating the
requirement to consider all geological
layers between the hazardous substance
and the aquifer in evaluating travel time
to the aquifer. The "travel time" factor
(the depth to aquifer/hydraulic
conductivity factor in the proposed rule)
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is now band on (he fayerfs} with the
lowest hydraulic conductivity.• In the three migration pathways(i.e., ground water, surface water, andair), the use factors in the proposedrule—"land use" in the air migrationpathway, "drinking water use" and"other water use" in the ground water
migration pathway, and "drinking water
use" and "other water use" hi thesurface water migration pathway—havebeen replaced by "resources" factors.The "fishery use" factor has beendropped from the surface water
migration pathway. A resources factor
has been added to the soil exposurepathway.
• In the soil exposure pathway, therequirement that children under sevenbe counted as a separate population hasbeen dropped. The "accessibility/

frequency of use" factor ha* beenreplaced by a simpler "attractiveness/
accessibility" factor.• In the surface water migration
pathway, the "runoff curve number,"which required determining the
predominant land use within the
drainage area, has been replaced by asimpler factor, "soil group," which only
requires classifying the predominant soilgroup in the drainage area into one of
four categories.
• In the air migration pathway, the

maps used to assign values of
particulate migration potential (formerly
particulate mobility under potential torelease) have been simplified.• In all pathways, potentially exposedpopulations an assigned valves basedon ranges rather than exact counts,
reducing documentation requirements.• In the surface water and groundwater migration pathways, Level III
benchmarks have been dropped,• In all pathways, hazardous wastequantity values are based on ranges,which will reduce documentation
requirements. The methodology andexplanation for evaluating the
hazardous waste quantity factor havebeen simplified.
• Containment tables have been

simplified in the air, ground water, andsurface water migration pathways.A number of the simplifications, suchas the changes to the travel time and
hazardous waste quantity factors, better
reflect the uncertainty of the underlying
site data and. therefore, do not generally
affect the accuracy of the MRS. In
addition, EPA notes that some revisionsthat may appear to make (he MRS more
complex actually make it more flexibleFor example, the hierarchy for
determining hazardous waste quantity
allows using data on the quantity ofhazardous constituents if they are
available or can be determined;

additionally, data on the quantity of
hazardous wastestreams, sourcevolume, and source area can be used,
depending on the completeness of data
within the hierarchy. The hierarchy
allows a site to be scored at the mostprecise level for which data are
reasonably available, but does notrequire extensive data collection where
available data are less precise.In response to comments on thecomplexity of the. rule language, the
presentation of the HRS has beenreorganized and clarified. Factors that
are evaluated in more than one pathwayare explained in a separate section ofthe final rale (i 2) to eliminate the
repetition of instructions. The proposed -,HRS included descriptive background
material that, while useful, made the
HRS difficult to read. Much of this
descriptive material has been removed
from the rule.
B. HRS Structure Issues

Although the proposed rule retained
the basic structure of the original HRS, a
number of commenters felt that the HRS
should provide results consistent with
the results of a quantitative risk
assessment Several commenters
identified this issue explicitly, while
others identified specific aspects of the
proposed rule that they believed to be
inconsistent with basic risk assessment
principles. The commenters maintained
that if the HRS is to reflect relative risks
to the extent feasible, as required by the
statute, its structure should be modifiedto better reflect the method* employedin quantitative risk assessments.
Commenters stressed the need for EPAto follow the advice of the EPA Science
Advisory Board (SAB) as expressed in
the SAB review of the HRS:
Revisions to the HRS should begin with the

development of a chain of logic, withoutTKjftfri'iuY'hifc vHstwtiffiicuVty tfi crihett'mg
data, that would lead to a risk assessment for
each cite. This framework, but not the
underlying logic, would be simplified to
account for the very real difficulties of data
collection.
This chain of logic * * * should lead to a

situation in which an increased score reflects
an increased risk presented by a site.
In response to the structural issues

raised by commenters and to the
statutory mandate to reflect relative risk
to the extent feasible, EPA made a
number of changes to the final rule.
These structural changes affect how
various factors are scored and how
scores are combined, but do not involve
changes in the types or amount of data
required to score a site with the HRS.
The Agency stresses that the limited
data generated at the SI stage are
designed to support site screening, and

are not intended to provide support for a
quantitative risk assessment

General structural changes. While thefinal rule retains the basic structure of
the proposed rale in that three factor
categories (likelihood of release, waste
characteristics, and targets) continue to
be multiplied together to obtain pathway
scores, the structure has been changedin certain respects to make the
underlying logic of the HRS more
consistent with risk assessmentprinciples.

The key structural changes to the
waste characteristics factor category
were to make use of consistent scalesand to multiply the hazardous waste
quantity and toxicity (or, depending on
the pathway and threat, toxicity/
mobility, toxicity/persistence, ortoxicity/persistence/bioacciunulaUon)
factors. Within the waste characteristics
factor category, factors have been
modified so they are on linear scales.
These modifications make the functional
relationships between the HRS factors
more consistent with the toxicily and
exposure parameters evaluated in risk
assessments.

Where possible, the final rule assigns
similar maximum point values to factor
categories across pathways. The
likelihood of release (likelihood of
exposure) factor category is assigned a
maximum value of 550; the waste
characteristics factor category is
assigned a maximum value of 100
(except for the human food chain and
environmental threat* of the surface
water migration pathway); the targetsfactor category is not assigned a
maximum. EPA determined that ingeneral targets should be a key
determinant of site threat because the
data on which the targets factors are
based are relatively more reliable than
most other data available at the SI
stage.
Likelihood of release. Except in the

air migration pathway, the proposed rule
assigned the same maximum value to
observed release and potential to
release. In the final rule, an observed
release is assigned a value of 550 points
and potential to release has a maximum
value of 500 in all pathways.This
relative weighting of values reflects the
greater confidence (the association of
risks with targets) when reporting an
observed release as opposed to a
potential release. As a result of this
change in point values at the factor
category level, as well as the new
maximums for most pathways, the
..values assigned to individual potential
to release factors have been adjusted.

Waste characteristics. The proposed
rule assigned a maximum point value to



51542 Federal Register / Vol. 55. No. 241. / Friday. December 14. 1990 / Rules and Regulations
hazardous substance quantities of 1,000
pounds. Because some sites have
hazardous substance quantities far inexcess of that amount and because it is
reasonable to assume that these sites
present some additional risk, all else
being equal, the final rule elevates the
maximum value to quantities in excess
of 1,000.000 pounds. Even when
hazardous waste quantity is
documented with precision, EPAconcluded that there are diminishing
returns in considering quantities above
this amount.
Although the MRS does not employ

the same type and quality of information
that would be used to support a riskassessment (e.g., pounds of waste andmobility are combined in the groundwater pathway as a surrogate for long-
term magnitude of releases), as waste
characteristics values rise,
contamination resulting from conditions
at the sites in general should be worse.As a result of using linear scales and
incorporation of a multiplicativerelationship between hazardous wastequantity, toxicity, and other waste
characteristics factors, the influence of
the waste characteristics factor categorycould be disproportionately Jargerelative to the likelihood of release andtargets factor categories in determining
overall pathway scores. Therefore, EPA
is limiting — through use of a scale
transformation — the values assigned to
the waste characteristics factor
category, shown in Table 2-7 of the final
MRS, to limit the effect of wastecharacteristics on the pathway scores.

While the waste characteristics factorvalues are limited to values of 0 to 100 inmost cases, the waste characteristicsfactor category may reach values of upto 1,000 for both the human food chain
and environmental threats in the surface
water migration pathway. These
accommodate the bioaccumulationfactor (or ecosystem bioaccumulationfactor), applied in these threats but notin other pathways or threats, which can
add up to four orders of magnitude tothe waste characteristics factor valuesbefore reduction to the scale values of 0to 1,000.

Targets. The final rule includes twomajor structural changes to the targets
factor category. Population factor valuesare not capped as they were in the
proposed rule. This change allows a sitewith a large population but a low waste
characteristics value to receive scoressimilar to a site with a smallerpopulation but larger waste
characteristics value (as would be donein a risk assessment). A second change
in the targets factors involves the

nearest individual (or Intake or well)
factors (i.e., the maximally exposed
individual factors in the proposed rule).These factors are now assigned valuesbased on exposure to Level I and LevelII contamination (SO and 45 points,respectively). Potentially exposednearest individuals are assigned a
maximum of 20 points in all pathways.EPA changed the assigned values forthese factors to give more relativeweight to individuals that are exposedto documented contamination.
C. Hazardous Waste Quantity

In the NPRM, EPA proposed to changethe hazardous waste quantity factor toallow the use of four levels of datadepending on what data are availableand how complete they are. Hazardouswaste quantity for a source could bebased on (a) hazardous constituent
quantity, (b) the total quantity of
hazardous wastes in the source, (c) thevolume of the source, or (d) the area of
the source. Each source at the site wouldbe evaluated separately, based on data
available for the source.EPA received numerous commentsrelating to changes in the hazardouswaste quantity factor. Severalcommenters agreed that allowing use of
waste constituent data, when available,was an improvement over the original
HRS. Several also supported the tieredapproach to scoring hazardous waste
quantity when constituent data wereincomplete or unavailable.Two commenters stated that theemphasis on hazardous constituent datawill require more extensive andexpensive site investigations. Thesecommenters have misunderstood therevisions. The rule does not require thescorer to determine hazardousconstituent quantities in all instances,but simply encourages use of those datawhen they are available. This approacha'iiows a scorer "toe liexio'itity "to usedifferent types of available data forscoring hazardous waste quantity. At a
minimum, the scorer need onlydetermine the area of a source (or thearea of observed contamination), which
is routinely done in site inspections.Where better data are available, theymay be used in scoring the factor. Thisapproach is in keeping with the intent of
Congress that the MRS should act as ascreening tool for identifying sites
warranting further investigation.Several commenters stated that the
methodology for determining hazardous
waste quantity was too complex andtime consuming, and that its
administrative costs outweighed itsbenefits. Others found the proposed rule
instructions and tables confusing and
hard to follow.

EPA strongly disagrees with the claim
that the costs of the revised approach to
scoring waste quantity outweigh itsbenefits. The amount of- hazardoussubstances present at a site is an
important indicator of the potentialthreat the site poses. At the same time.
EPA recognizes that cost is an importantconsideration. In revising the hazardouswaste quantity factor, however, the
Agency believes it has established anappropriate balance between time andcost required for scoring this factor andthe degree of accuracy needed to
evaluate the relative risk of the siteproperly.
In response to comments, EPA hasmodified the hazardous waste quantityscoring methodology to make It easier tounderstand and to use. The changesinclude elimination of proposed ruleTable 2-13, Hazardous Waste QuantityFactor Evaluation Methodology and

Worksheet. In addition, the scale for thehazardous waste quantity factor has
been divided into ranges that span twoorders of magnitude (lOOx) to reflect theuncertainty inherent in estimates of
hazardous waste quantities at typicalsites. The practical effect of this scalechange is to reduce the data collection
and documentation requirements. See
SS 2.4.2-2.4.2.2. The Final rule alsoclarifies the treatment of wastes
classified as hazardous under RCRA.
Under CERCLA, any RCRA hazardouswaste stream is considered a hazardoussubstance. If this definition were strictlyapplied in evaluating hazardous wastequantity of RCRA hazardouswastestreams, hazardous constituent
quantity and hazardous wastestreamquantity would be the same because the
entire wastestream would be considereda hazardous substance. The final rulemakes clear that only the constituents in
a RCRA wastestream that are CERCLA
evaluated for determining hazardousconstituent quantity; for the other three
tiers, however, the entire RCRA
wastestream is considered as is any
other wastestream.

As discussed in section III Q, EPA willconsider removal actions when
calculating waste quantities. EPA
believes consideration of removalactions is likely to increase incentives
for rapid actions. If there has been a
removal at a site, and the hazardous
constituent quantity for all sources and
associated releases is adequately
determined, the hazardous wastequantity factor value will be based only
on the amount remaining after theremoval. This will result in lowering
some hazardous waste quantity factor
values.
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Where an adequate determination ofthe hazardous constituent quantity

remaining after the removal cannot bemade. EPA has established minimumhazardous waste quantity factor valuesin order to ensure that the HRS score
reflects any continuing risks at the sites.In this case, the assigned hazardouswaste quantity factor value will be the
current hazardous waste quantity factorvalue (as derived in Table 2-6), or theminimum value, whichever is greater.The proposed rule assigned aminimum hazardous waste quantityfactor value of 10 when data onhazardous constituent, quantity was notcomplete. In the final rule, for migrationpathways (i.e., not the soil exposurepathway), if the hazardous cons, tituentquantity is npV adequately determined,and if any target is subject to Level I orII contamination, the minimumhazardous waste quantity factor valuewill be 100.If the hazardous constituent quantityfor all sources is not adequatelydetermined, and hone of the targets aresubject to Level I or II contamination,the minimum factor value assigned for
hazardous waste quantity depends onwhether there has been a removalaction, and what the hazardous wastequantity factor value would have beenwithout consideration of the removalaction. If there has not been a removalaction, the minimum hazardous waste
quantity factor value will be 10. If therehas been a removal action and if a
factor value of 100 or greater wouldhave been assigned withoutconsideration of the removal action; aminimum hazardous waste quantityfactor value of 100 will be assigned. If
the hazardous waste quantity factorvalue was less than 100 prior toconsideration of the removal, action, aminimum hazardous waste quantityfactor value of 10 will be assigned. Thiswill ensure that the Agency provides anincentive for removal actions and that inno case will consideration of removalactions result in an increased hazardouswaste quantity factor value score.
D. Toxicity

The proposed HRS substantially
changed the basis for evaluatingtoxicity. The major change was that
hazardous substance toxicity would be
based on carcinogenicity, chronic non-
cancer toxicity, and acute toxicity. Foreach migration pathway and each
surface water threat except human food
chain and recreation, toxicity wascombined with mobility or persistencefactors to select the hazardous
substance with the highest combinedvalue for toxicity and the applicablemobility or persistence factor. For the

human food chain threat, onlysubstances with the highest
bioaccumulation values were evaluatedfor toxicity /persistence. For therecreation threat, only substances with
the highest dose adjusting factor values
were evaluated for toxicity/persistence.In addition, ecosystem toxicity rather
than human toxicity was evaluated forthe environmental threat of the surface
water migration pathway.

Several commenters expressedconcern about or opposition to using thesingle most hazardous substance at a
site to score toxicity, stating that theapproach seems overly conservativeand unlikely to distinguish sites on thebasis of hazard. Some commenterssuggested that EPA allow .flexibility in .-weighting the toxicity values of multiplesubstances either by concentration,waste quantity, or proportioninformation, whenever such informationis available. One commenter suggestedbasing toxicity on a fixed percentage ofthe hazardous substances known to be
present at a site.
The Agency agrees that, for purposes

of accurately assessing the risk tohuman health and the environmentposed by a site, it would be preferableto evaluate the overall toxicity byconsidering all hazardous substancespresent, based on some type of dose- (orconcentration-) weighted toxicity
approach. EPA believes, however, that
this approach is not feasible because the
data requirements would be excessive.
Such an approach would be feasibleonly when relative exposure levels ofmultiple substances are known or canreasonably be estimated; however, these
data can be obtained only by conductinga comprehensive risk assessment.
Extensive concentration data would berequired to be confident that
comparable concentrations are beingused for the various substances, andthat the multi-substance toxicity of the
contaminants is not, in fact, beingunderestimated. Use of inadequate data
could result in underestimating or
overestimating the toxicity of
substances in a pathway.

EPA considered a number of
alternatives to the use of a singlehazardous substance to score toxicity
(mobility/persistence) and tested someof these on several real and hypotheticalsites. The analyses included
comparisons between the single mosttoxic substance and the average toxicity
value for all substances, the averagetoxicity value for the 10 most toxic
substances, and the concentration-
weighted average value of allsubstances. These alternatives werealso tested using toxicity/mobility

values. The results of these analysesshowed that using a single substanceapproach usually resulted in an assigned
value (either toxicity or toxicity/
mobility) that was within one interval in
the scale of values of the alternatives
tested; for example, the single substance
approach would assign a value of 1,000for toxicity whereas averaging the
toxicities would assign a value of 1.000
or 100, the next lower scale value. (The
final rule uses linear scales to assign
values for toxicity, mobility, andpersistence. The scales for toxicity nowrange from 0 to 10,000 rather than 0 to 5;consequently, the default value for
toxicity is now 100 rather than 3.) TheAgency recognizes the uncertainty in theuse of the single substance approach,but concludes that it is a reasonable
approach for a screening model,
especially given the general
unavailability of information to support
alternatives. In making this judgment,the Agency notes that the single
substance approach to evaluating the
toxicity factor was not identified in
SARA as a portion of the HRS requiring
further examination, even though it had
been used in the original HRS and EPA
had received criticism similar to the
above comments prior to the enactment
of SARA.

Several commenters suggested that
additive, synergistic, or antagonistic
effects among substances be considered
in scoring toxicity when several
substances are found at a site. In
particular, one commenter suggested
increasing the scores for sites with alarge number of hazardous substances
to account for additive or synergistic
effects.

As noted in EPA's 1988 TechnicalSupport Document for the Proposed
Revisions to the Hazard RankingSystem, quantitative consideration of
synergistic/antagonistic effects between
hazardous substances is generally not
possible even in RI/FS risk assessmentsbecause appropriate data are lacking for
most combinations of substances.
Interactive effects have beendocumented for only a few substance
mixtures, arid the Agency's risk
assessment guidelines for mixtures (51
FR 34014, September 24,1986)
emphasize that although additivity is a
theoretically sound concept, it is best
applied for assessing mixtures of similar
acting components that do not interact.
Thus, the Agency believes that
consideration of interactive effects in
evaluating toxicity in the HRS is not
feasible, nor is it necessary to allow use
of the HRS as a screening model. The
Agency rejects the suggestion that
scores should simply be raised for sites
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with numerous substances because thisapproach ignores the technicalcronnlfixiJifUL related, ta interactions fj.e...the possibility of antagonistic effects.]One commenter suggested that a
waste's toxicity should be assessed in
terms of its "degree of risk," and thatthis could be measured by comparingconstituent concentrations at the point
of exposure to appropriate toxicityreference levels. Two commentersstated that toxicity should be measured
at a likely point of human exposurerather than at the waste site.The toxicity of a substance, as used inthe HRS, is an inherent property, oftenexpressed quantitatively as a dose orexposure concentration associated witha specific response (ie., a dose-responserelationship). These toxicity values, in
general, are independent of expected
environmental exposure levels; manyare based on laboratory tests onanimals. Risk, on the other hand, is a
function of toxicity, the concentration ofa substance in environmental media towhich humans may be exposed, and the'(iked'hooa o't exposure'to'intf i medium
(and the population likely to be
exposed). The toxicity factor in the
waste characteristics factor category of
the HRS is intended to reflect only theinherent toxicity (i.e., the basic dose-
response relationship) of substancesfound at the site. The HRS as a whole is
intended to evaluate, to the extentfeasible, relative risks posed by sites byincluding factors for likelihood of
release, waste quantity, toxicity, and theproximity of potentially exposedpopulations. If actual contamination (forexample, of drinking water) has beendetected at a site, the measured
environmental concentration of eachsubstance Is compared with its 'appropriate health-based or ecological-based concentration limit (i.e., itsbenchmark). If these environmentalconcentrations equal or exceed abenchmark, certain target factors areassigned higher values than ifenvironmental concentrations are lessthan benchmarks.Two commenters suggested usingCancer Potency Factors to score toxicityonly for Class A and Bl carcinogens,and using reference doses (RfDs) for
scoring Class B2 and C carcinogens (i.e..substances for which there is
inadequate or no direct human evidenceof carcinogenicity).
In response, EPA believes thatbecause the HRS is a screening tool, it

should maintain a conservative (i.e.,protective) approach to evaluation ofpotential cancer risks. EPA's 1966Guidelines for Carcinogen Risk
Assessment (51 FR 34014, September 24.
1986) provide for substances in Class A

and Class B (both Bl and B2) to beregarded as suitable for quantitativehuman risk assessment. In general,
according to EPA's 1989 Risk
Assessment Guidance for Superfund:Human Health Evaluation Manual.Class C substances are evaluated forcancer risks within the Superfund riskassessment process. Thus, the use ofcancer risk information for Class B2 andC substances in the HRS is consistentwith the objective of maintaining aconservative approach and with otherAgency and Superfund program riskassessment guidelines.In response to comments that the bestavailable data should be used to scoresites, that accepted Agency practices berelied on, and that consistency acrosspathway* be encouraged, the Agencyhas modified slightly the way thetoxicity value for a substance isselected. The final rule requires the useof carcinogenicity and chronic toxicitydata, when available, over acute toxicitydata. If both slope factors and RfDs areavailable, the higher of the values
parameters is used. If neither isavailable, but acute toxicity data areavailable, the acute toxicity data areused to assign toxicity factor values.EPA decided to give preference to slopefactors and RfD values because these
undergo more extensive Agency reviewand are based on long-term exposure
studies.
E. Radionuclides

The proposed HRS assignedradionudides a maximum toxicity value.but included no other proceduresspecific to radionudides.One commenter, the U.S. Departmentof Energy (DOE), asserted that theproposed HRS "* • * contains an
inequitable bias regarding radionudides* * *" DOE specifically criticizedassigning maximum toxicity factor
values to radionuclides, "* * * where.in fact, the health impact associated
with radionuclides is associated withthe type of decay, the level of decayenergy, the half-life, the mobility, the
concentration of the radionuclide,internal biological factors, and external
pathway factors." DOE proposed usingconcepts for evaluating radionuclides
that were included in its Modified
Hazard Ranking System (mHRS). In its
subsequent comments on the HRS fieldtest report. DOE stated that it
considered the "* * * method of
handling radionuclides in the proposedrevised HRS to be a serious flaw in theevaluation system."In the final rule, EPA has clarified and
significantly changed how radionuclides
are evaluated. Instead of using or

adapting the mHRS directly, however,EPA modified the proposed HRS to
account more fully for radionuclidesbased on EPA's own methods lor
evaluating them, which are similar to
and generally consistent with the
radiation analysis concepts underlyingthe mHRS.

The final rule evaluates radionuclides
within the same basic structure as other
hazardous substances, and theevaluation of many individual HRS
factors is the same whether
radionudides are present or not Table
7-1 of the final rule lists HRS factors
and indicates which are evaluated
differently for radionudides. Essentially,radionudides are simply treated asadditional hazardous substances withcertain special characteristics that are
accounted for by separate scoring rules
for some HRS factors. For sites
containing only radionuclides, the
scoring process is very similar to the
process at other hazardous substance
sites, except that different scoring rules
are applied to a number of substance-
specific factors anil a'iew tfinerlrattors.
For sites containing both radionuclidesand other hazardous substances, bothtypes of substances are scored for all
HRS factors that are substance-specific,
with overall factor values based either
on combined values or the higher of thevalues, as appropriate.

EPA notes that, although some
radioactive substances are statutorily
excluded from the definition of
"hazardous waste" in both CERCLA and
RCRA (specifically, source, specialnuclear, and byproduct material asdefined in the Atomic Energy Act of
1954), such substances may be, andgenerally are, "hazardous substances"as defined in section 101(14) of CERCLA
and therefore may be addressed under
CERCLA. Radioactive substancesshould be included in HRS scoring and
section 7 of the final rule is intended to
facilitate that analysis. It also should benoted that two narrow categories of
releases (either from "nudear incidents"or from sites designated under the
Uranium Mill Tailings Radiation Control
Act of 1978) are excluded fromCERCLA's definition of the term
"release" (CERCLA section 101(22)), and
such releases should not be scored using
the HRS.

The major changes to the HRS in the
evaluation of radionuclides apply to
establishing observed releases, to
factors in the waste characteristics
category, and to determining the level of
actual contamination in the targets
factor category. The HRS components
that have been modified are briefly
described below.
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The criteria for establishing an -

observed release through analysis ofsamples foi radionuclides differconsiderably from the criteria used forother hazardous substances. These
criteria are divided into three groups:radionuclides that occur naturally or areubiquitous in the environment;
manmade radionuclides that are not
ubiquitous in the environment; and
gamma radiation (soil exposurepathway only). (See I 7.1.1.)

The hazardous waste quantity factorfor sources (and areas of observed
contamination) containing radionuclideshas been modified to reflect the differentunits used to measure the amount ofradiation (curies, a measure of activity)versus the units used for other -hazardous substances (pounds, a
measure of mass). EPA believes it ispreferable to use activity units rather
than mass units because activity is the
standard measure of radiation quantityand is a better indicator of energy
released and potential to cause humanhealth damage than is mass. In addition,
the hierarchy for evaluating the wastequantity factor for sources (and areas ofobserved contamination) containingradionuclides is limited to Tien A andB. Tiers C and D, based on source
volume and source area, respectively,are not used because adequate data toderive their quantitative relationship to
Tier A were unavailable. Thus, thewaste quantity factor is based either onradionuclide constituent quantity (Tier
A) or radionuclide wastestream quantity(Tier B).

For sites containing only
radionuclides, hazardous waste quantityis calculated based on the activi'ycontent of the radionuclides orradionuclide wastestreams associated
with each source. For sites with bothradionuclides and other hazardoussubstances, hazardous waste quantity isevaluated separately for the two typesof hazardous substance for each source,and the values are then summed indetermining the hazardous wastequantity value. The scale for scoring
radionuclide waste quantity wasderived based on concepts of risk
equivalence between radionuclides andother hazardous substances.
In the proposed rule, all radionuclideswere automatically assigned amaximum default value for the toxicity

factor. The final rule evaluates
radionuclides individually on the basisof human toxicity, across a range of
factor values based on the potential to
cause cancer (i.e., cancer slope factors).Non-cancer effects are not considered
far. 'Miifiiuui}iARa.*tMiiuuM,taaRXi 's,generally the most significant toxic

effect Incorporated .in the developmentof cancer slope factors are the type ofradioactive decay; energy emittedduring decay; biological uptake,distribution, and retention; andradiation dose-response relationship.Thus, across the set of scoring rangesused, radionuclides that are more potentcarcinogens per unit activity nowreceive higher toxicity factor valuesthan those that are less potent The newtoxicity scoring scale for radionuclideswas derived in a manner consistent withthe derivation of the existingcarcinogenicity scale for otherhazardous substances. Taken together,the new toxicity and hazardous wastequantity scales for radionuclides resultin a risk equivalence betweenradionuclides and other hazardous
substances.
Mobility of radionuclides in both theair and ground water migrationpathways is evaluated in the same wayas mobility for other hazardoussubstances; that is, on the basis of thechemical and physical characteristics ofthe radionuclide. Similarly, thebioaccumulation (and ecosystembioaccumulation) potential factor isevaluated in the same way forradionuclides as for other hazardoussubstances. The final rule clarifies thatradionuclides should be scored for thesefactors in all relevant pathways.
The persistence factor in the surfacewater migration pathway has been

modified so that radionuclides areevaluated solely on the basis of half-life,which for HRS purposes is based onboth radioactive half-life andvolatilization half-life. Sorption to
sediments is not considered, nor arehydrolysis, photolysis, orbiodegradation. Other than this change
in the processes considered to estimate
surface water half-life, the scoring of thepersistence factor is the same forradionuclides as for other hazardoussubstances.

The final rule extends to
radionuclides the benchmark conceptused throughout the HRS for weighting
certain targets factor values. Measured
levels of specific radionuclides atpotential exposure points are compared
to benchmark levels, and additionalweight is given to targets subject to
actual contamination (Levels I and II).
This approach for weighting targetfactors using benchmarks is similar for
radionuclides and for other hazardous
substances, although both the specificbenchmark values used for
radionuclides and the methods forderiving the values are different.
contamination parallel those used for

other hazardous substances in that
available Federal standards and
screening concentrations are used whenapplicable. At sites with both
radionuclides and other hazardous
substances, each radionuclide and other
substance is evaluated separately. If no
individual substance equals or exceedsits benchmark, the ratios of the
measured concentrations to thescreening concentrations for cancer forradionuclides and other hazardous
substances are added. Radionuclidesare not evaluated using screeningconcentrations for non-cancer effects.
Specific benchmark values forradionuclides are in activity unitsinstead of mass units, however, toreflect the appropriate measurementunits for the level of radionuclidecontamination. Radionuclide

benchmarks include drinking watermaximum contaminant levels (MCLs)
for both the ground water and the
surface water/drinking water threatpathways; Uranium Mill Tailings
Radiation Control Act (UMTRCA)
standards for the soil exposure
pathway; and screening levelscorresponding to 10"* individual cancer
risk for inhalation or oral exposures, asderived from cancer slope factors, for all
pathways and threats incorporatinghuman health benchmarks. Theradionuclide benchmarks are consistent
with EPA's radionuclide risk assessmentmethods in that they incorporate
standard data or assumptions about
contact/consumption rates for variousenvironmental media and radiationdose-response, as well as the specific
radionuclide's type of decay, decayenergy, biological absorption, andbiological half-life. Furthermore,
radionuclide benchmarks for the soil
exposure pathway account for external
exposure (i.e., exposure to radiation
originating outside the human body)
from gamma-emitting radioactive
materials in surficial material as well as
from ingestion, which is the sole basisfor non-radioactive hazardous
substance benchmarks for the soilexposure pathway, because external
exposure from gamma-emitting
radionuclides can be an extremely
important exposure route.
F. Mobility/Persistence

The proposed rule added mobility
factors to both the ground water and air
migration pathways and modified the
persistence factor in the surface watermigration pathway to consider a greater
number of potential degradation
mechanisms.

Tift *qpnro> www wL t, '/uvgt -Ji unh/ti
of comments critical of several aspects
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of the ground water mobility factor. Themost common issues included:• Concern about the use of
coefficients of aqueous migration toestablish mobility values for inorganic
cations and anions;• Suggestions that solubility values,distribution coefficients, and othermeasures be used to establish mobilityvalues for anions and cations; and• Requests that the same measures of
mobility be used for organics and
inorganics.Criticism of the use of the coefficientsof aqueous migration focused on itsobscurity; except for geochemists, fewscientists are familiar with the measure.In response to these comments andbecause coefficients of aqueousmigration an not available for allhazardous substances andradionuciides, the Agency decided toreplace coefficients of aqueous
migration.The majority of commenters stated a
preference for using parameters relatedeither to hazardous substance release(solubility) or to transport (distribution
coefficients) as measures of mobility.The ground water mobility factor isintended to reflect the fraction of ahazardous substance expected to be
released from sources, migrate throughporous media, and contaminate aquifersand the drinking water wells that drawfrom them. Because mobility isconcerned with both release andtransport, the Agency concluded that
mobility for all hazardous substances inground water will be evaluated usingboth solubility and distributioncoefficient values. A default value isassigned when none of the hazardoussubstances eligible to be evaluated canbe assigned a mobility factor valuebased on available data.A number of commenters raisedquestions about the persistence factor inthe surface water migration pathway. Ingeneral, the commenters were dividedbetween those who wanted moredegradation mechanisms consideredand those who believed the equation inthe orooosed rule for calculating half-lives was too complex Severalcommenters suggested includingsorption of substances by sediments.In response to these comments, EPAhas made several changes to the
persistence factor. The free-radical
oxidation half-life has been droppedfrom the equation used to calculate half-
life because the data on which "its'na'ft-life values are based are typicallyderived from ideal, laboratory
conditions that differ greatly fromconditions found in nature; few fieldvalidation studies have been conductedto provide a basis for extrapolating

these laboratory values to naturalenvironments. Thus, EPA concluded thatincluding free-radical oxidation in thepersistence equation resulted in anoveremphasis of the influence of free-radical oxidation as a degradationmechanism. For hazardous substancesthat sorb readily to participates found innatural water bodies, the persistenceequation as proposed overemphasizedthe importance of degradationmechanisms that occur in the liquidphase. Log K,*, the logarithm of the n-octanol-water partition coefficient, hasbeen added to account for sorption to
sediments.The Agency received severalcomments concerning the mobilityfactors in the air migration pathway.The most significant of the issues raisedby commenters were:• Whether consideration of mobilityin both the likelihood of release factorcategory and the waste characteristicsfactor category counts mobility twice;• Whether the approach used in theproposed rule property reflected thedynamics of releases of gases fromsources into the atmosphere; and• Whether the Thornthwaite P-EIndex was sufficient as the sole measureof participate mobility and whetherparticle size should be included.In response to these and other relatedstructural and air migration pathwaycomments, the Agency thoroughly re-assessed the adequacy of the mobilityfactors in the likelihood of release andwaste characteristics factor categories.Based on this review, EPA has madeseveral changes to the mobility factorsin the final rule. In response to the"double counting" issue, the Agencybelieves there are differences betweenmobility in the context of likelihood ofrelease and mobility in the context ofwaste characteristics. The potential torelease mobility factor is a measure ofthe likelihood that a source at a site willrelease a substance to the air; the wastecharacteristics mobility factor, togetherwith the hazardous waste quantityfactor, is a measure of the magnitude ofrelease. To highlight these differences,fhe names oVine ''
mobility factors have been changed togas (or participate) migration potential.In response to comments on airmigration pathway mobility andstructure, EPA reviewed gas andparticipate release rate models to
develop revised mobility factors that
magnitude and duration. The gas and
particulate mobility factors in the finalrule are a result of that review. The gas
mobility factor is based on a simplifiedrelease model and is determined by thevapor pressure of the most toxic/mobile

hazardous substance available formigration to the atmosphere at the site.The particulate mobility factor is basedon a simplified fine-particle wind-erosion model and reflects the combinedeffects of differing wind speeds and soilmoisture. Analyses indicated that soilmoisture was dominant over both wind
speed and particle size, which areessentially equal in effect. Because ofthe comparative difficulty ofdetermining particle sizes in an SI, asingle particle size was assumed toapply to all sites. This constant particlesize value was factored into thesimplified model yielding the factor inthe final rule.
G. Observed Release

The proposed MRS described how todetermine whether an observed releasewas significantly above backgroundlevels based on multiples of detectionlimits and background concentrations.
Some commenters stated that the

proposed revisions treated observed
release in an overly complex manner. Anumber of commenters, primarily from
the mining industries, were concernedabout the consideration of backgroundconcentration in determining anobserved release. (See Section III Pbelow for a summary of their concerns
and EPA's response.)

As in die proposed rule, observedreleases may be established based oneither direct observation or chemicalanalysis of samples. In the case of directobservation, material (e.g., particulatematter) containing hazardous
substances must be seen entering themedium directly or must have beendeposited in the medium.

EPA has replaced the proposed rulecriteria for establishing an observedrelease by chemical analysis withsimpler criteria. In the final HRS, anobserved release is established when asample measurement equals or exceedsthe sample quantitation limit (SQL) andis at least three times above thebackground level, and available
information attributes some portion ofthe release of the hazardous substance
to the site. (The SQL is the quantity o"l a
hazardous substance that can bereasonably quantified, given the limits
of detection for the methods of analysisand sample characteristics that may
affect quantitation (e.g., dilution,
concentration).) When a background
concentration is not detected (i.e., below
detection limits), an observed release'isestablished when the samplemeasurement equals or exceeds theSQL. Any time the sample measurement
is less than the SQL, no observed
release is established. Table 2-3 of the
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final rule provide* the criteria fordetermining when analytic sampling
information is sufficient for establishingan observed release (or observedcontamination in the soil exposure
pathway). The final rule also providesprocedures to be followed when the SQLis unavailable and defines various typesof detection and quantitation limits in
the context of the HRS. (See { 2.3 of the
final rule.)
H. Benchmarks

SARA requires that EPA give high
priority to sites that have led to closingof drinking water wells orcontamination of principal drinkingwater supplies. To respond to thismandate, the proposed rule addedhealth-based benchmarks to the groundwater and surface water migrationpathways; in addition, ecological-basedbenchmarks were added to evaluatesensitive environments targets insurface water. In the proposed rule,population factors were evaluated atLevel I if a health-based benchmark hadbeen exceeded. If actual contaminationwas present, but the benchmark was notexceeded, populations were evaluatedbased on two levels of contamination(i.e., Level II and Level m). Sensitive
environments in the surface watermigration pathway were evaluatedbased on two levels of actualcontamination (exceeding benchmark ornot exceeding benchmark). Where
several hazardous substances werepresent below benchmarks, thepercentages of their concentrationsrelative to their benchmarks were addedto determine which level was used toassign values.Of the commenters on this issue, mostsupported EPA's proposal to give extraweighting to-sites when measured
exposure-point concentrations exceedbenchmarks. One commenter whodissented suggested giving extraweighting to sites when actualcontamination is documented;documentation of an observed release
the only criterion for assigning highervalues to target factors, and therelationship of the concentration ofhazardous substances to benchmarkswould not be used. The other dissenting
commenter suggested that EPA re-evaluate the role of health-basedbenchmarks in the HRS because
common sense, and other laws, willdiscourage people from drinking watercontaminated above benchmark levels.and because evaluating this factor willentail large resource expenditures formarginal gains in discrimination.The final rule weights most targets
based on actual and potential exposure

to contamination across all pathwaysand threats, including those for which
benchmarks were not originallyproposed, because EPA believes that
this approach both improves the abilityof the HRS to identify sites that pose thegreatest threat to human health and the
environment and increases the internal
consistency of the HRS. (See §§ 2.5,
2.5.1, 2.5.2, 3.3.1, 3.3.2, 4.1.2.3.1. 4.1.2.3.2,
4.1.3.3.1. 4.1.3.3.2, 4.1.4.3.1, 4.2.2.3.1,
4.2.2.3.2. 4.2.3.3.1. 4.2.3.3.2, 4.2.4.3.1,
5.1.3.1, 5.1.3.2, 6.3.1. 6.3.2, 6.3.4, 7.3.1,7.3.2.) In the final rule, both thepopulation factors and the factorsreflecting the hazard to the nearest
individual (or well or intake) areevaluated in relation to health-basedbenchmarks in all pathways. Thesensitive environment factor in thesurface water environmental threat isweighted in relation to ecological-basedbenchmarks; however, hi the soilexposure and air migration pathways,the sensitive environment factor isweighted simply on the basis ofexposure to actual contamination, andno benchmarks are used.

The Agency chose to use benchmarksin all pathways in response to commentsthat specifically suggested such a
change; it is also responding to
comments that the HRS should better
reflect relative risks and that the
approaches in all pathways should beconsistent. The Agency has concludedthat the concerns expressed by
commenters outweigh the concernsabout uncertainties in the evaluation ofsamples collected La air and soil andabout the lack of regulatory standards
and criteria on which to base soil or airbenchmarks that led the Agency not to
include benchmarks for those pathways
in the proposed rule. In short, EPA
carefully considered this point andconcluded that the consistentapplication of benchmarks across all
pathways provides for the most
reasonable use of data given thepurpose of the HRS as a screening tool.
criteria based on applicable or relevantand appropriate requirements (ARARs),excluding State standards, that havebeen selected for the protection of
public health and the environment as
outlined in the NCP (55 FR 8666. March
8, 1990). In the HRS NPRM, EPAproposed to use MCLs, maximum
contaminant level goals (MCLGs), andscreening concentrations (SCs) based on
•cancer slope factors as drinking waterbenchmarks, and Food and DrugAdministration (PDA) Action Levels as
benchmarks for the human food chain "threat. EPA also proposed to useAmbient Water Quality Criteria

(AWQC) as ecological-based
benchmarks for the environmental
threat. EPA received 21 comments from
12 commenters on which benchmarks
the HRS should use and whether
additional information should be
considered in establishing benchmarks.
Opinion was divided on the use of
specific types of benchmarks: three
commenters supported the use of MCLs:
three did not. Two commenterssupported the use of MCLGs, twoopposed such use, and one suggestedthat EPA consider the economic impact
of using the value of 0 (i.e.. the MCLGfor a carcinogen) as a health-basedbenchmark. Two commenters suggested
including relevant State drinking waterstandards, and one suggested includingconcentrations based on RfDs. Onecommenter expressed concern that the
current lack of water quality standards
for many substances might make the
benchmark system ineffective in
identifying sites that pose a significantthreat to human health. Two
commenters suggested that carcinogen
weight of evidence should be used in
establishing SCs (e.g., the individual risk
level should be lower for a Class A
carcinogen than for a Class B2
carcinogen). Two commenters suggestedconsidering other important routes of
exposure (e.g., inhalation of hazardous
substances volatilized from water, or
dermal contact with contaminated
water) in establishing drinking water
benchmarks.

EPA conducted a number of analyseson specific benchmarks and on themodification of factors to consider inestablishing HRS benchmarks. As aresult of public comments and theseanalyses, EPA has concluded that the
HRS is improved by includingconcentrations based on-nationally
uniform standards, criteria, or toxicity
values as health-based or ecological-
based benchmarks in all pathways and
threats. EPA's conclusion is based on
several considerations. First, the
pathways and the use of ARARs for
those benchmarks improves linkages
with the RI/FS process. That is, the HRS
benchmarks will be those used most
frequently during RI/FSs, and the
additional points provided by equalling
or exceeding a benchmark will aid in
identifying areas requiring follow-up in
the RI/FS. Second, the internal
consistency of the HRS is improved by
using benchmarks becauseconcentrations measured at or abovebenchmark levels are treated in a
parallel manner across all pathways.
allowing more consistent and fuller use
of the relatively costly sampling data
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collected during the SI. Third, the *
number of hazardous substances forwhich at least one health-based orecological-based benchmark is availableis increased, allowing for more uniformassessment of sites nationwide.The benchmark criteria that theAgency has concluded are most
appropriate for each pathway and threatare listed below. As discussed above,EPA agrees with comments suggesting
that benchmarks also be used in the soilexposure and air migration pathwaysand has selected criteria for thesepathways based upon the kinds offactors discussed above. While EPAbelieves the criteria for the soilexposure and air migration pathways inthe final rule are appropriate, it is opento any comments that members of thepublic may wish to submit regardingthese criteria and specifically solicitssuch comments at this time. EPA asksthat any such comments be submittedon or before (30 days after the date ofpublication in the Federal Register).For the final rule, EPA has selectedthe following types of benchmarks ineach pathway and threat, subject to any
revisions in the criteria for air and soilexposure that may be made in responseto comments. (Benchmarks for
radionudides are discussed in Section
III E of this preamble.)• Benchmarks in the ground watermigration pathway and the surfacewater drinking water threat include
MCLs, non-zero MCLGs, screeningconcentrations (SCs). for non-cancereffects based on RfDs for oralexposures, and SCs for cancer based onslope factors for oral exposures and 10~*
individual cancer risk (see Table 3-10).Because SCs based on RfDs and slopefactors are used as drinking waterbenchmarks, MCLGs with a value of 0have been dropped as HRS benchmarks.• Benchmarks in the surface waterhuman food chain threat include PDAAction Levels for fish or shellfish, SCsfor non-cancer effects based on RfDs fororal exposures, and SCs for cancerbased on slope factors for oralexposures and 10"' individual cancerrisk (see Table 4-17).
• Benchmarks in the surface waterenvironmental threat include AWQCand Ambient Aquatic Life Advisory

Concentrations (AALACs); AALACswill be considered as they become
available (see Table 4-22).• Benchmarks in the soil exposure
pathway include SCs for non-cancer
effects based on RfDs for oral
exposures, and SCs for cancer based onslope factors for oral exposures and 10"»individual cancer risk (see Table 5-3).• Benchmarks in the air migrationpathway include National Ambient Air

Quality Standards, National Emission
Standards for Hazardous Air Pollutants
(NESHAPs) that are expressed inambient concentration units, SCs fornon-cancer effects based on RfDs for
inhalation exposures, and SCs forcancer based on slope factors for
inhalation exposures and 10"'-individual
cancer risk (see Table 6-14).Several commenters suggestedtechnical refinements for derivinghealth-based benchmarks. Although
qualifying information is useful andimportant and is, in fact, usedextensively in the RI/FS process, thebenefits of including such information inthe HRS must be balanced against itslimited scope and purpose as well as thelimited data available to determineconcentration at the-point of exposure.Consequently, in the final rule:• All health-based benchmarks areset in reference to the major exposureconcern for each pathway or threat (e.g.,benchmarks in the air migrationpathway are set in reference to
inhalation only; benchmarks in drinkingwater, the human food chain threat, andthe soil exposure pathway are set inreference to ingestion), except forradionuclides for which externalexposure is also considered in the soilexposure pathway;• All benchmarks are set in reference
to uniform exposure assumptions that
are consistent with RI/FS procedures(e.g., water consumption is assumed to
be two liters per day; body weight isassumed to be 70 kg);• State water quality standards andother State or local regulations are notincluded as benchmarks because theywould introduce regional variation inthe HRS;• A hierarchy has been developed toprovide a single benchmark
concentration for each hazardoussubstance by pathway and threat; and• Qualitative weight-of-evidence isnot used in deriving SCs for carcinogens.In the NPRM, EPA requestedcomments on how many tiers (levels) ofactual contamination to consider when
weighting populations relative tobenchmarks (i.e., which of three
alternative methods presented should beadopted). EPA received two comments
on this issue and three relatedcomments regarding the weighting
factors for each level. One commenter
supported Alternative 2 (i.e., use of two
levels of observed contamination andone level of potential contamination).
Another commenter suggested thatLevel II and Level III concentrations becombined to include the range ofcontaminant levels above background,but below health-based benchmarks. Athird commenter suggested that the

weighting factors for each level be
reconsidered. A fourth commenter
suggested that Viooo of a benchmark
factor is inappropriate because it is
excessively conservative and difficult todetect. The fifth commenter suggested
that because Level III represents
concentrations with cancer risks below
10"', populations exposed to Level III
concentrations should not be consideredin the population category of drinking
water threats.

EPA conducted a number of analyses
on the subject of benchmark tiers and
has dropped Level III contamination. In
the final rule, Level I contamination isdefined as concentration levels fortargets which meet the criteria for actualcontamination (see f 2.5 of the finalrule) and are at or above media-specific
benchmark levels; Level IIcontamination is defined as
concentration levels for targets whicheither meet the criteria for actual
contamination but are less than media-
specific benchmarks, or meet the criteria
for actual contamination based on directobservation; and potential
contamination is defined as targets thatare potentially subject to releases (i.e.,
actual contamination for that pathway
or threat). These -three tiers are used to
assign values to both the nearest
individual (or well or intake] and thepopulation factors. As a result of EFA's
analyses of benchmark issues, theweighting assigned to Level I and Level
made consistent across pathways. Forexample, Level I populations are now
multiplied by a factor of 10 in all
pathways. As in the proposed rule,potentially contaminated populations
and nearest individuals (or wells or
intakes) are distance or dilutionweighted.

The proposed rule summed the ratiosof all hazardous substances to their.
individual benchmarks as a means ofdefining the level of actual
contamination, and EPA requested
comments on the appropriateness of this
approach to scoring multiple substances
detected in drinking water. Of the 10
comments in response to this proposal,
nine strongly opposed the proposedapproach, particularly when applied to
drinking water standards (i.e., MCLs),
MCLGs, and noncarcinogens. One
commenter supported the proposedapproach.

EPA has decided to retain thesumming of ratios of hazardous
substances to their individualbenchmarks, but in a modified form. The
final rule sums measures of carcinogenic
and noncarcinogenic effects separately;
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concentrations specified in regulatorylimits (e.g., NAAQS, MCLa, or PDA
Action Levels) are not included in thesumming algorithm. EPA recognizes that
a more precise estimate of relative riskwould be obtained by summing the
ratios of hazardous substances to their
individual RfD-based concentrations by
segregating substances according tomajor effect, target organ, and
mechanism of action. In fact such a
segregation is recommended during theRI/FS. However, health-based
benchmarks are used in the MRS toprovide a higher weight to populations
exposed to hazardous substances atlevels that might result in adverse healtheffects. As a consequence, EPA believesthat use of the summed ratios of
hazardous substances within pathwaysand threats to their individual RfD-based benchmark levels is appropriate
for the screening purpose of the HRS.

EPA proposed and solicited commentson a range of 10"4 to 10"T for individual
cancer risk levels of concern in
establishing levels of actual
contamination with respect to health-
based benchmarks. EPA received eightcomments concerning this risk range.Four conunenters suggested restricting
the range to 10"4 to 10"*, primarily
because this range would be consistent
with risk levela identified in the NCP
and used by other EPA regulatory
programs. Three commenters said theSCs for carcinogens should be the 10"*
individual cancer risk level. Onecommenter stated that 10"4 to 10~7

generally is the risk range considered forSuperfund response. The final ruledefines only two levels of actual
contamination: significantly abovebackground and equal to or abovebenchmark, and significantly above
background but less than benchmark.When an applicable or relevant andappropriate requirement does not exist
for a carcinogen, EPA selects remedies
resulting in cumulative risks that fall
within a range of 10"4 to 10~*
incremental individual lifetime cancer
risk based on the use of reliable cancerpotency information. EPA has selectedthe 10"* screening risk level in defining
the HRS benchmark level for cancer riskbecause it is the lower end of the cancer
risk range (i.e., 10~4to 10'^ identified inthe NCP and used by other EPA
regulatory programs.

Two commenters objected to
assigning releases of substances with no
benchmarks to Level II as a defaultvalue. One suggested assigning
unknowns to Level III because
substances that are frequently releasedor are known or suspected to cause
health problems are studied before

those that are not The other objected
because "the absence of data is notdata."

Because EPA has decided to adopt abenchmark system incorporating only
two levels of actual contamination, thedefault level is Level n. If none of the
hazardous substances eligible to beevaluated at a sampling location has anapplicable benchmark, but actualcontamination has been established, theactual contamination at the location is
assigned to Level n.
/. Use Factors

The proposed HRS included factors toassign values to uses of potentiallyaffected resources hi the three migrationpathways: ground water use (drinkingwater and other) in the ground water
migration pathway, drinking water and
other use and fishery use in the surfacewater migration pathway, and land use
in the air migration pathway.

EPA received a number of commentson each of these factors. The
commenters raised specific objections todistinctions drawn among various
potential uses and to the weightsassigned to those uses. For example, for
the ground water use factor, some
commenters asserted that the HRSshould not delineate between private
and public water supply contamination.
For the surface water use factors, acommenter recommended a range ofassigned values for irrigation ofcommercial food or forage cropsbecause of variations in rates of uptakeof hazardous substances. For the landuse factor, two commenters urged giving,greater consideration to institutional
land use because of the sensitivepopulations that would be exposed.

Partly in response to these comments,and in an effort to simplify the HRS.
EPA has substantially revised the
method of incorporating resource useinformation in targets factor categories.The field test indicated that collectingdata on each of the use factors involvedconsiderable effort at many sites. In
addition, because of weighting factorsapplied to potentially contaminated
populations, at sites with no actual
contamination, use factors werecontributing more to the targets valuethan were large populations. As some
commenters pointed out, the use factorsmixed concerns about human health
with concerns about the value of the
resource and. therefore, were partially
redundant with population factors. To
avoid redundancy with human healthconcerns as evaluated through the
population factor, EPA has made major -changes in how resource uses are
evaluated and scored in the final rule.

In each migration pathway, the-use
factors have been replaced bv a
resources factor that assigns values to
resources appropriate for the pathway.
In addition, a resources factor has been
added to the soil exposure pathway. The
resources factor for a pathway is
assigned a maximum of five points if
any of the resource uses for that
pathway exists within the target
distance limit in the ground water or
surface water migration pathway, within
one-half mile of a source in the air
migration pathway, or within an area of
observed contamination in the soil
exposure pathway. If none of the uses
exists, the factor is assigned a value of0.
The resources factor in the ground

water migration pathway assigns a
value of 5 for welb supplying water forirrigation of commercial food or
commercial forage crops (five-acre
minimum), watering of commercial
livestock, as an ingredient in
commercial food preparation, or as a
supply for commercial aquaculture or for
a major or designated water recreation
area (excluding drinking water use)—for
example, water parks (see 5 3.3.3). A
value of 5 is also assigned if the water in
the aquifer is usable for drinking water,
but not used.

The resources factor in the drinking
water threat of the surface water
migration pathway assigns a value of 5
if the surface water is designated by a
State for drinking water use but not
used, or is usable but not used for
drinking water. In addition, points maybe assigned for intake* supplying water
for irrigation of commercial food or
commercial forage crops (five-acre
minimum), watering of commercial
livestock, as an ingredient in
commercial food preparation, or if the
water body is used as a major or
designated water recreation area (see
§ 4.1.2.3.3). The fishery use factor has
been deleted to avoid double-counting -of fisheries.
In the air migration pathway, the

resources factor is assigned a value of 5
if there is commercial agriculture or
commercial silviculture, or a major or
designated recreation area within a half
mile of a source (see i 6.3.3). The
distance of one-half mile for the
agricultural, silvicultural, and
recreational areas was determined by
the distance weighting factors for the air
migration pathway, which reflect the
rapid diminishing of air contaminant
concentrations beyond one-half milefrom a source. Therefore, resources
beyond this distance are not considered
in this pathway.
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A resources factor has also beenadded to the resident population threatof the soil exposure pathway. The factor

is assigned a value of 5 if there iscommercial agriculture, commercial
silviculture, or commercial livestockproduction or grazing on an area of
observed contamination at the site.
/. Sensitive Environments

The proposed rule expanded the list ofsensitive environments considerablyand, for the surface water and airpathways, counted all sensitiveenvironments within the target distancelimit, rather than just the one with the
highest assigned value; for the soilexposure pathway, only the sensitiveenvironment assigned the highest valuewas counted. Potentially contaminatedsensitive environments were distance/dilution weighted: in the surface waterenvironmental threat, actualcontamination of sensitive environments
was evaluated on the basis ofecological-based benchmarks.ERA received relatively few
comments on issues related to sensitiveenvironments.. However, participants in
the field test requested clarification ofthree categories of sensitiveenvironments involving spawning areas,migratory pathways, and feeding areas
critical for the maintenance of a fish
species within a river system, coastalembayment, or estuary. In particular,
critical migratory pathways and feedingareas were difficult to identify andseemed to provide little discriminationamong surface waters in some areas ofthe country.EPA has redefined critical spawninga eas to include shellfish beds, and haslimited the areas to those used forintense or concentrated spawning by agiven species. Critical migratory
pathways and feeding areas have beencombined into a single category andlimited to anadromous fish (i.e., fish thatascend from the ocean to spawn), whichface special problems in migratingsubstantial distances between the ocean
and their spawning areas. These feedingareas are further restricted to only thoseareas in which the fish spend extendedperiods of time. Examples include areas
where juveniles of anadromous speciesfeed for prolonged periods (e.g., weeks)as they prepare to migrate from fresh
water to the ocean, and holding areasalong the adult migratory pathways.Terrestrial areas used for breeding by
large or dense aggregations of
vertebrates, fp.%.. hejcon-raokfinj., sea. lion,breeding beach) have been added to thelist of sensitive environments to parallelthe spawning areas listed for fishspecies. Water segments designated by3 State as not attaining toxic water

quality .standards have been removed .because these environments are alreadydegraded and thus are not analogous tothe other sensitive environments listed.Also, the assigned value for Statedesignated areas for protection ormaintenance of aquatic life has beenchanged from 50 points to 5 points (seeTable 4-23 in final rule) to be consistentwith the points assigned under theresources factor for State designatedareas for drinking water use.In response to public comment,National Monuments have been addedto the 100-point category on the list of
terrestrial sensitive environmentsconsidered under the soil exposurepathway. "State designated naturalareas" and "particular areas* relativelysmall in size, important to themaintenance of unique bioticcommunities" were also added to thelist of terrestrial sensitive environmentsin response to public comment. Theselatter two categories were alreadyconsidered in the air and surface waterpathway evaluation of sensitive
environments. (See Table 5-5.)The method for evaluating wetlandshas been revised, partially becauseparticipants in the field test haddifficulty identifying discrete wetlands.Some wetlands were patchy and couldbe classified as one large or many small
wetlands. Other wetlands were dividedby rivers or roads, or changed from onetype of wetland to another, making it
unclear whether more than one wetland
should be counted. To eliminate thesedifficulties, wetlands are now evaluatedon the basis of size and level ofcontamination. In the ah* migration
pathway, wetlands are evaluated basedon acreage and level of contamination
(see i 6.3.4); in the surface watermigration pathway, wetlands are
evaluated by linear frontage along thesurface water hazardous substancemigration path and level ofcontamination (see 1 4.1.4.3.1).Distinguishing among wetlands on the
basis of size and level of contaminationshould improve the discriminating
ability of the sensitive environmentsfactor. In the drier portions of the
country, where even small wetlands(e.g., prairie potholes) are very
important, small wetlands may alsoqualify as "particular areas, relativelysmall in size, important to themaintenance of unique bioticcommunities."
Sensitive environments other than

of size for several reasons. Most otherHRS sensitive environments tend to beless common and less widely distributednationally than wetlands (e.g., see EPA's1989 Field Test of the Proposed Revised

//ASQ and, therefore, their numbers andboundaries tend to be easier to identify.In addition, the value of many sensitiveenvironments is independent of size; forexample, the size of a critical habitat of
an endangered species may vary solelydue to the type of species present.Furthermore, potential or actualcontamination of even a small portion ofmany sensitive environments—forexample, a wildlife refuge—tends to beviewed as unacceptable.

An ecosystem bioaccumulationpotential factor has been added to the
waste characteristics factor category ofthe surface water environmental threatin response to comments that hazardoussubstances that demonstrate an abilityto bind to sediments and/or torbibaccumulate (e.g.. PCBs, mercury) tend
to pose the greatest long-term threats toaquatic organisms. The accumulation ofhazardous substances in the aquatic
food chain can result in adverse effectsin aquatic species and in other animalsthat ingest aquatic species (e.g.,waterfowl). The ecosystem
bioaccumulation potential factor differs
slightly from the bioaccumulation
potential factor in the human food chain
threat, primarily in that all BCF data are
considered in deriving it and not just
BCF data for human food chain
organisms.

The EPA ambient aquatic life
advisory concentrations (AALACs) havebeen added to the data hierarchy usedto assign the ecosystem toxicity value
(see < 4.1.4.2.1.1). The Natural HeritageProgram alternative sensitiveenvironment rating factors have beenremoved from the rule because of
problems that arose during the field
tests; field test participants found that
the availability of information varied
substantially among States. However, a
Natural Heritage Program Data Centercan assist in identifying many of the
sensitive environment types listed in
Tables 4-23 and 5-5.
K. Use of Available Data

A number of commenters stated thatall available data should be used when
scoring a site. Several cited the tiered
approach to hazardous waste quantity
as a model that could be applied to
other factors. Under this method, wheredata are available, they would be used;
where data are not available, defaults or
more generalized approaches would beapplied. Several commenters
sqecificallv suggested using, this
approach for ground water flow
direction and for scoring mining sites.
These commenters argued that it wouldbe less expensive and time-consuming
to use available data when scoring a site
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investigation to consider the additionalinformation.
EPA considered modifying the HRS toallow the use of additional data, but

determined that further expanding theHRS to account for varying levels of
data availability is inconsistent with the
HRS's role as an initial screening tool.
Adding tiers to various factors toaccommodate the use of all available
data would make the HRS considerablymore difficult to apply and could lead tosubstantial inconsistencies in how sitesare investigated and evaluated. EPARegions and States would have todetermine, for each set of data
presented, whether the data quality wasgood enough for the data to beconsidered. Debates over decisions on
data quality could delay scoring and,
ultimately, delay cleanup at sites.Therefore, the Agency believes that the
limited use of tiers in the final HRS
represents a reasonable tradeoff
between the need to limit the
complexity of the system and the desire
to accommodate risk-related
information that is generally outside the
scope of a site inspection.
L. Ground Water Migration Pathway

The proposed rule included a numberof significant changes in the ground
water migration pathway: new
hydrogeologic factors were added;

were distance weighted
unless exposed to actual contamination;
a maximally exposed individual (MEI)factor was added; the target distancelimit was extended; a mobility factor
was added and combined with toxicity;
and a wellhead protection area factorwas added Figure 5 shows the proposed
ground water migration pathway and
the final rule pathway.

Ground water flow direction. Neither
the original HRS nor the proposed HRSdirectly considered ground water flow
direction in evaluating targets. Theproposed HRS indirectly consideredground water flow direction byweighting populations based on actualand potential contamination of drinkingwater wells.

EPA received 50 letters from 40commenters on this issue; 27 letters
responded to the ANPRM, 21 to the
NPRM. and two to the field test report.
Commenters included eight States, three
Federal agencies, the mining, petroleum,
chemical, and cement industries,
utilities, and professional engineers. The
commenters supported the consideration
of ground water flow direction data, at
least in some circumstances. Numerouscommenters urged the use of ground
water flow direction data when they are
either available or easily obtained. They
suggested several methods to
incorporate flow direction, including:

• Considering use of a radial impact
area when directional release routes car
be determined. Only a half circle with a
three-mile radius for the downgradientportion (and a half-mile radius for the
rest of the circle) should be consideredwhen scoring;
• Differentiating between upgradient

and downgradient areas using
topographic maps, evaluating water
levels at wells, and noting the presenceof major surface water bodies;• Expending the effort to obtain
accurate data and considering selectedupgradient locations as a precaution
against unanticipated anomalies;• Excluding drinking water wellswhere analytical data prove nocontamination it present;• Having a "professional" reviewavailable information and conduct a site
visit;• Using available flow direction dataand developing regionally based
defaults when no data are available;• Installing piezometers to determine
flow direction in the PA/SI phase and
when no ground water flow data areavailable;• Incorporating ground water flow
direction into the "depth to aquifer" and
"distance to nearest well/population
served" scores; and• Affording responsible parties the
opportunity to determine flow direction.
WLUNQ CO06 6SM-M-M
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Commentera suggested that data onground water flow are either readily

available or can be easily obtained atreasonable cost and are no moreimprecise than other aspects of the HRS.Some commenters stated that the levelof effort required to estimate thedirection of ground water flow is nogreater than that required to determineother hydrogeologic parameters in theHRS.
EPA reviewed a range of options forconsidering ground water Sow directionin evaluating targets. For the reasons

discussed above under "Use ofAvailable Data," the Agency decidedthat it was not feasible to adopt a tieredapproach in the targets factors forevaluating ground water flow direction.EPA does not agree that increasedaccuracy warrants the increasedcomplexity of accounting for groundwater flow direction, because this levelof accuracy is not required for ascreening tool that is intended to assessrelative risk. This level of accuracy,however, is needed to determine theextent of remedial action and, therefore,
is appropriate at the time of the RI.

EPA disagrees with the argument thatdetermining ground water flow directionis no more difficult than determining
other ground water factors. Aquiferinterconnections and discontinuities aswell as hydraulic conductivity anddepth to aquifer, which are evaluated inthe final rule, are geologic features thatare unlikely to change over the short-term. In contrast, ground water flowdirection can be influenced by factorssuch as seasonal flows and pumpingfrom well fields. In addition, the groundwater flow direction may be different ineach aquifer at the site, and thedirection of hazardous substance
migration is not always the same as thedirection of ground water flow.Therefore, data on ground water flowdirection would need to be considerablymore extensive than would the datarequired to document the otherhydrogeologic factors. EPA notes that inthe final rule, many of the other
hydrogeologic factors considered havebeen simplified and the sorptivecapacity factor has been dropped. EPA
also notes that ground water flow
direction was not identified in SARA as
a portion of the HRS requiring further
examination, even though ground water
flow direction was not considered in the
original HRS and the Agency had
received criticism similar to the.above
comments prior to enactment of SARA.

Although the final rule does not
consider ground water flow direction
directly in evaluating targets, it does
consider flow direction indirectly in the

method used to. evaluate targetpopulations. If wells have not beencontaminated by the site, as thecommenters assume upgradient wellswould not be, the population drawingfrom those wells is distance weightedand, thus, populations drawing from thewells would have to be substantialbefore a large number of points could beassigned. Moreover, in addition toproviding a measure of the population atrisk from the site, the target factorsafford a measure of the value of theground water resources in the area ofthe site and of the potential need forexpanded uses of the ground water.
Aquifer interconnections. Aquiferinterconnections facilitate the transferof ground water or hazardoussubstances between aquifers. The finalrule specifies that if aquiferinterconnections occur within two milesof the sources at the site (or within areasof observed ground water contaminationattributed to sources at the site thatextend beyond two miles from thesources), the interconnected aquifers aretreated as a single aquifer for thepurposes of scoring the site. Thus, forexample, when an observed release to ashallow aquifer has been identified,targets using deeper aquifersinterconnected to the shallow aquiferare included in the evaluation of thecombined aquifer. This approach iscommon to the original as well as therevised HRS.
In practice, EPA has found thatstudies in the field to determine whetheraquifers are interconnected in thevicinity of a site will generally requireresources more consistent with remedialinvestigations than Sis, especially whereinstallation of deep wells is necessary to

conduct aquifer testing. Thus, EPA hasin the past relied largely on existinginformation to make such
determinations and the Agency finds itnecessary to continue that approach.
Examples of the types of information
useful in identifying aquiferinterconnections were given in the
proposed rule. This information includesliterature or well logs indicating that no
lower relative hydraulic conductivity
layer or confining layer separates the
aquifers being assessed (e.g., presenceof a layer with a hydraulic conductivity
lower by two or more orders of
magnitude); literature or well logs
indicating that a lower relative
hydraulic conductivity layer or confining
layer separating the aquifers is not
continuous through the two-mile radius
(i.e., hydrogeologic interconnections
between the aquifers are identified);
evidence that withdrawals of water
from one aquifer (e.g., pumping tests,

aquifer tests, well tests) affect waterlevels in another aquifer and observed
migration of any constituents from oneaquifer to another within two miles. For
this last type of information, themechanism of vertical migration doesnot have to be defined, and theconstituents do not have to beattributable to the site being evaluated.Other mechanisms that can causeinterconnection (e.g., boreholes, miningactivities, faults, etc.) will also beconsidered. While the descriptive texthas been removed from the rule, theapproaches mentioned in the proposedrule will be used in making aquiferinterconnection determinations. Ingeneral EPA will base suchdeterminations on the best informationavailable; In the absence of definitivestudies and where costs of field studiesare prohibitive, the Agency will rely on
expert opinion (e.g., U.S. GeologicalSurvey staff or State geologists). In theabsence of such information, EPA
assumes that aquifers are notinterconnected.

Ground water potential to release
factors. EPA proposed replacing the
depth to the aquifer of concern andpermeability factors of the original HRSwith depth to aquifer/hydraulicconductivity and sorptive capacityfactors. EPA received more than 75
comments on these factors, in additionto general comments on evaluating
ground water potential to release in
response to the ANPRM.

Several commenters supportedconsideration of depth to aquifer inevaluating the ground water migrationpathway. One commenter stated thatuse of a depth to aquifer/hydraulicconductivity matrix, which was
intended to reflect travel time to groundwater, was an improvement over
considering these two parametersindividually and additively. Concerns
were raised, however, about how to
determine depth to aquifer. In addition,commenters stated that the two-mileradius for evaluating hydrogeologic
factors should be extended to four miles,while others commented that thedistance should be measured from
vertical points as near to the source aspossible.

Commenters generally supported the
proposal to include hydraulic
conductivity, although many believed
that the proposed method was too
complicated; several commenters
suggested that the single least
conductive layer(s) should be used.
Another concern was the lack of data
for determining hydraulic conductivity.
One commenter stated that unless data
can confirm that the geologic strata
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extend throughout the antire area of •
site, assigning a hydravhc oondnctMtyvalue is highly questionable.Some commenten offered alternativeapproaches to evaluating hydraulicconductivity. These included replacing
the proposed method with:• Assigned "confidence levels" tied toprofessional estimates based an regionaldata and judgment;• Consideration of actual travel tone
in the unaaturated zone; or• An assumption of maximumhydraulic conductivity among thevarious geological layers below the site.More than 2O comments were receivedon the sorptive capacity factor, but therewas little consensus among thecommenten. A number of commentersagreed that the factor should be added,but stated that the approach was notdetailed enough and that more waate-
and site-specific information should berequired. Other commenters agreed that
the factor was an improvement, but said
that sorptive capacity should be
dropped because the waste- and site-
specific information needed for an
accurate evaluation cannot be collected
during a screening process. Others saidthat it was too complex as proposed and
should be dropped.Based on these comments and the
field test results, EPA examined thedepth to aquifer/hydraulic conductivityand sorptive capacity factors. Theexamination showed that the lowesthydraulic conductivity layerfs]
accounted for almost all of the traveltime to the aquifer if a one-foot or three-foot minimum layer thickness was used.Accordingly, hi the final rule, the depth
to aquifer/hydraulic conductivity factorhas been replaced with a simpler factor,
travel time, which is determined using a
matrix of the hydraulic conductivity andthickness of the" lowest hydraulic
conductivity layerfs) with at least a
three-foot thickness. (See § 3.1.2.4 andTable 3-7 of the final rate.)To conform with the change limiting
the travel time factor to the least
conductive layerfs), and to meet the goal
of simplification, a change to thesorptive capacity factor was necessary.
The proposed rule evaluated this factor

using all layers between the source andthe aquifer. In reRnainIfUiig this factor,EPA concluded that depth to aquifer isone of the major parameters affectingtotal sorbent content, at least within theHRS ranges for the factor. Depth toaquifer also indirectly reflectsgeochemical retardation mechanismsbecause, all else being equal, the effectof these retardation mechanismsincreases at the depth to aquiferincreases. At ins field test sites, usingonly the Iayer(s) of lowest hydraulicconductivity decreased the calculatedsorbent content between 10 and 99percent For these reasons, EPA hasdecided to replace the sorptive capacityfactor with a depth to oqtnfer factor.(See 6 3.1.2J and Table 3-5 of the final
rule).
M. Surface Water Migration Pathway

The proposed rule made majorchanges to the evaluation of releases orthreatened releases to surface water.The pathway was divided into fourthreats: drinking water, human foodchain, recreational use, andenvironmental Other changes includedconsideration of flood potential; revisionof potential overland flow; addition ofdilution weights for potentiallycontaminated populations; extension of
the target distance limit to 15 miles;
revision of the persistence factor toconsider more degradation mechanisms;addition of a bioaccumulation factor forevaluation of human food chain
toxicity/persistence and populations;addition of ecosystem toxicity toevaluate the environmental threat; andaddition of a maximally exposed
individual factor (MET) factor to thedrinking water threat. Figure B showsthe proposed rule and the overland
flow/flood migration component of thesurface water migration pathway in the
final rule.Recreational use threat. SARA stated
that the HRS should consider threats tosurface water used for recreation and
drinking water, and the proposed HRSincluded a recreational use threat in the
surface water migration pathway. A
number of States, several companies
and trade associations, and two Federal

agencies identified problem* *itft theproposed recreational use threat. Somecommenters objected to weighting it asheavily as the drinking water threat,while omen suggested that evaluatingthe threat was too complicated for usein a screening tool. Many commentensaid that proposed methods forassigning values to recreation areaswere too broadly drawn and that a
limited number of recreation areasshould be considered. Two commenterssuggested using actual attendance data,and one commenter suggested thatrecreational uses be considered in other
pathways as well.

EPA's field test indicated that therecreational use threat evaluation wastoo complex for HRS purposes and, atthe same time, was not very accurate.Several field test participants
commented that the recreation target
population was difficult to evaluate andthat the approach for determining
population was inaccurate and time-
consuming. In addition, the populationfactor did not provide meaningfuldiscrimination among sites. The
proposed rule used the physicalcharacteristics (e.g^ capital
improvements) of a recreational site as
the basis for determining the distance
limit used to evaluate population, but
because major and minor sites may
have the same types of capital
improvements {e.g., boat ramps, picnic
facilities), the same distance limit couldbe associated with a minor recreationarea and a major reczeation area. The
alternative approach would be to
require actual use data to evaluate
targets; however, site-specific
population data are not available formany recreation areas, making it
difficult to obtain accurate estimates of
the population at risk. The target
distance limits, which ranged from 10 to125 miles, also contributed to the
problems with evaluating targets. The
Agency invited comments on refining
these calculations; no alternativeapproaches were suggested, and EPA
did not identify viable alternatives.
BILUNO CODE 65«0-SO-M
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Figure 6
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Figure 6

Surface Water Migration Pathway -
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EPA is also concerned that manyqualities of recreation areas (e.g.,uniqueness, attractiveness, value)cannot be readily quantified ormeasured, which poses significantproblems for a screening tool Therefore,

the recreational use threat has beenremoved from the final rule. Instead,factors related to recreational use arebeing included in the assessment of
resource factors in the air, surfacewater, and ground water migrationpathways. (See the discussion ofresources factors above and f i 3.3.3.
4.1.2J J. 4.Z2.3.3. and 0.3.3 of the rule.)Recreational use is also a majorcomponent of the evaluation of theattractiveness/accessibility factor in the
soil exposure pathway (see 157.1.1 of
the rule).Human food chain. SARA requiresthat EPA consider "the damage tonatural resources which may affect thehuman food chain * * *" Accordingly.the surface water migration pathway ofthe proposed rule included evaluation of
threats to human health via the aquaticfood chain.A number of commenters suggestedthat terrestrial food chain threats shouldalso be evaluated because most of thefood eaten in the United Statesoriginates on land, and the terrestrial
human food chain is, therefore, moreimportant than the aquatic human food
chain. Commenters specifically statedthat the HRS should account for human
food chain threats involving irrigatedcrops, livestock, and game animals. Onecommenter stated that the SARAmandate would not be fulfilled if onlyaquatic human food chain threats wereevaluated.After conducting an investigation intopossible methrds, EPA determined thatit would not be practical to include aseparate evaluation of terrestrial humanfood chain threats in the HRS. Theterrestrial food chain is more complex
and site-specific and is less understoodthan the aquatic food chain, and itsassessment requires considerably moredata. These factors render evaluation of
the relative risks associated with the
terrestrial human food chain well
beyond the capability of a screening
system such as the HRS. The final rule,
therefore, does not separately evaluate
terrestrial human food chain threats.
These threats are, however, considered
indirectly under the resources target
components in the air migration
pathway, ground water migration
pathway, soil exposure pathway, and
drinking water threat portion of the
surface water migration pathway.The proposed rule required the
estimation of bioaccumulation
potentials for hazardous substances

posing threats via the human food chain.One commenter stated that theestimation of bioaccumulation
potentials requires excessive time andresources, and that this step should be
dropped from the HRS.EPA disagrees and considers thebioaccumulation potentials of hazardoussubstances to be among the mostimportant factors determining the degreeof human health threat posed bysubstances via the human food chain.Substances that do not bioaccumulatepose less of a threat via the human foodchain than substances thatbioaccumulate. all else being equal.Conversely, substances with highbioaccumulation potentials can posevery significant threats via the humanfood (main even if they are onlymoderately toxic, or are present himodest quantities. EPA believes thatcompiling bioaccumulation potentialtables will reduce die effort andresources required to score this factor.EPA received several commentsstating that bioaccumulation potentialwas not given sufficient weight in theevaluation of human food chain threats.EPA evaluated the use ofbioaccumulation potential during thefield test and determined that there wasconsiderable uncertainty related to thisfactor, in part because of major
differences in uptake associated withdifferent species in differentenvironments. In addition,bioconcentration values have beencomputed for only a few species formost substances. In light of thisuncertainty, EPA decided thatbioaccumulation potential should not begiven additional weight in the HRS. In
addition, as part of the structural
changes discussed in Section ni B, thebioaccumulation potential factor wasmoved from the targets factor categoryto the waste characteristics factorcategory so that it is evaluatedconsistently with the other waste
characteristics factors that reflectexposure. As part of these changes, theuse of the bioaccumulation potential
factor in selecting the substance posing
the greatest hazard also has been
modified.

The final rule broadens the definition
of actual contamination of the human
food chain by modifying one criterion
and adding a new criterion defining
actual contamination. The proposed rule
defined a fishery as actually
contaminated if (1) the fishery was
closed as a result of contamination and
a substance for which the fishery was
closed had been documented in an
observed release from the site, or (2) a
tissue sample from a human food chain
organism from the fishery was found to

contain a hazardous substance at aconcentration level exceeding the
FDAAL for that substance in fish tissue
and the substance had been documentedin an observed release from the site. In
both cases, at least a portion of the
fishery must be within the boundaries ofthe observed release.

Under the final rule, the former
criterion (closed fishery) remainsessentially unchanged. The lattercriterion (tissue contamination) hasbeen modified: A fishery is consideredactually contaminated if the
concentration of a hazardous substancein tissue of an essentially sessile benthichuman food chain organism from thewatershed is at a level that meets thecriteria for an observed release from thesite and at least a portion of the fishery
is within the boundaries of the observed
release. A new criterion has also been
added: A fishery is considered actuallycontaminated if a hazardous substancehaving a bioaccumulation potential
factor value of 500 or greater either ispresent in an observed release
established by direct observation or ispresent in a surface water or sediment
sample at a level that meets the criteriafor an observed release from the siteand at least a portion of the fishery is
within the boundaries of the observed
release. Only the portion of a fishery
within the boundaries of an observedrelease is considered actuallycontaminated.EPA broadened the definition ofactually contaminated fisheries on the
basis of field test results. With the morenarrow definition in the proposed rule.few actually contaminated fisherieswere identified because:
(1) Closed fisheries did not exist at

most sites;
(2) Hazardous substance

concentration data from tissues ofapplicable organisms were available for
only a small portion of fisheries; and

(3) FDAALs exist for only a relatively
small number of hazardous substances.

The final rule also introduces two
levels of actually contaminated fisheries
or portions of fisheries:
• Level I: Applicable when

concentrations of site-related hazardous
substances meeting the criteria for
actual contamination of the fishery
equal or exceed the benchmark
concentration levels established in the
final rule based on FDAALs, screening
concentrations corresponding to
elevated cancer risks, and screening
concentrations corresponding to
elevated chronic, non-cancer toxicity
risks via oral exposures. The final rule
"allows Level I contamination to be
established based on hazardous
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substance concentrations in tissuesamples from "organisms other thanessentially sessile benthic organisms"(e.g., fish, lobsters, crabs), even thoughthese organisms cannot be used to
establish observed releases or actual
contamination.• Level II: Applicable to all actuallycontaminated Fisheries (or portions ofactually contaminated fisheries) notmeeting Level I criteria.The final rule assigns human foodchain populations associated with LevelI concentrations tenfold greater weightthan those associated with Level IIconcentrations. The final rule alsodescribes the procedures fordetermining, where applicable, the partof a fishery subject to Level Iconcentrations, the part subject to LevelII concentrations, and/or the partsubject to potential contamination.EPA received several commentssuggesting that, to be consistent with theother threats, a maximally exposedindividual factor should be incorporatedinto the human food chain threat. TheAgency agrees, and to provide thisconsistency the final rule incorporates amaximally exposed individual factor(the food chain individual) into thehuman food chain targets factorcategory. As with similar factors inother pathways and threats, the foodchain individual is assigned pointsaccording to the level of contamination.
Where actual contamination of a fisheryis documented, the food chain individual
factor is assigned 50 points for Level Iand 45 points for Level II concentrations.Where no actual contamination of afishery is documented, but there isdocumentation of an observed release of
a hazardous substance having a
bioaccumulation potential factor valueof 500 or greater to a watershed
containing a fishery within the target
distance limit, the food chain individual
is assigned a value of 20 points. Where

there are no observed releases tosurface water or no observed release of
a hazardous substance with abioaccumulation potential factor valueof 500 or greater, but a fishery is present
(i.e., there is a potentially contaminatedfishery) within the target distance limit,
the food chain individual is assignedpoints ranging from 0 to 20, dependingon the dilution weight assigned to theassociated surface water body.The proposed rule estimated humanfood chain production of actuallycontaminated or potentially :contaminated fisheries based on harvestdata or stocking data for those fisheries,if available. Where such data were notavailable, production estimates werebased on productivity of the surfacewater body or the estimated standingcrop of aquatic biota in the fisheries.The proposed rule included a table ofstanding crop default values forestimating human food chain productionof the fishery.EPA received numerous comments tothe effect that the standing crop defaulttable was difficult to use, providedseveral different values for some waterbodies and none for others, andprovided unreliable data. Several-commentert stated that standing cropvalues are not an appropriate basis forestimating aquatic human food chainproduction. One commenter pointed outthat standing crop estimates do not
correlate well with harvest for variouswater body types. Another commenterstated that estimates of harvest fromfish and game officials are preferable tostanding crop default values becausestanding crop is a measure of biomass(weight of ad edible living organisms inthe water body) rather thanproductivity.EPA agrees with the commenters. Inthe final rule, estimates of fishery
human food chain production are basedon fish harvest data (including stocking

data) as opposed to standing crop data.When site-specific data are .not
available, harvest rates are to be
estimated based on the average harvestper unit area for the particular waterbody type under assessment and the
geographic area in which the waterbody is located. *

Ground water discharge to surfacewater. A number of commenters andfield test participants suggested that theHRS should consider the potentialimpact of ground water discharges tosurface water because contaminatedground water can be a significant sourceof surface water contamination. Fieldtest participants noted that some siteshave no overland flow route, but surfacewafer can be contaminated throughground water discharges.
EPA agrees and has added a groundwater to surface water migrationcomponent to the surface watermigration pathway. Figure 7 shows thestructure of this component. The surfacewater migration pathway, therefore,now includes two components: Theoverland flow/flood migrationcomponent, which retains the structureof the surface water migration pathwayas proposed (except for the changesdiscussed in this preamble), and the new

ground water to surface water migrationcomponent. Either or both componentsmay be scored; if both are scored, the
surface water migration pathway score
is the higher of the two scores. EPAselected the higher of the two scoresrather than combining them because, ifscores were combined, the amount ofhazardous substances at the site
available to migrate via each component
would have to be apportioned between
the two components. The site-specificdata needed to determine the
appropriate apportionment are rarely
available.
MUMQ CODE CMO-KMI
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Figure?
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The ground water to surface water

migration component evaluates three
threats: drinking water, human foodchain, and environmental. The
component is scored only if: (1) A
portion of the surface water is within
one mile of any source at the site that
could release to ground water; (2) there
is no discontinuity in the uppermost
aquifer between the source and the
portion of the surface water within one
mile of the source: and (3) the bottom of
the surface water is at or below the topof the aquifer. The target distance limit
for the component is determined the
same way as for the overland flow/
flood component. For each threat,
likelihood of release is bated on either
observed release or potential to release.An observed release is established if,
and only if. there is an observed release
to the uppermost aquifer, while potential
to release is based on ground waterpotential to release factors, except that
only the uppermost aquifer is
considered. (See § 4.2.2.1.2.)

The hazardous waste quantity factor
is scored in the same way it is scored for
the overland flow/flood migration
component, except that only sources
that could release to ground water are
considered (see § 4.2.2.2.2). Toxicity,
ground water mobility, and surface
water persistence are considered in
selecting the substance potentially
posing the greatest hazard in drinking
water (see S 4.2.2.2.1). By considering
ground water mobility, the final rule
reflects the fraction of a hazardoussubstance expected to be released from
the sources and to migrate through
ground water to the surface water body.
For human food chain and
environmental threats, bioaccumulation
(or ecosystem bioaccumulation)
potential is also considered in selecting
the substance potentially posing the
greatest hazard (see § 4.2,3.2,1).

The targets factors in this component
are evaluated in the same way as
targets factors in the overland flow/flood migration component, except that
a dilution-weight adjustment is
combined with the surface water
dilution weights for populations
potentially exposed to contamination.The dilution-weight adjustment was
added because the HRS assumes that
hazardous substances migrate via
g: ound water in all directions from a
^ite. Under this assumption, except in
those instances where the surface water
body completely surrounds the site, only
a portion of the hazardous substances
can be assumed to reach the surface
water through the ground water. The
dilution-weight adjustment accounts for
the portion of the hazardous substances

assumed to be available to migrate to
surface water through ground water.
The probable point of entry is defined asthe shortest straight-line distance,
within the aquifer boundaries, from thesources at the site to the surface waterbody. Therefore, the actual targetsconsidered may (finer somew'nat'tromtargets evaluated in the overland flow/
flood migration component because thetwo probable points of entry may differ.
This approach might allow evaluation of
intakes, fisheries, and sensitiveenvironments that may be exposed to
contamination from a site but are
upstream from the point of overland
flow entry.
N. Soil Exposure Pathway

The onsite exposure pathway, whichwas added to the HRS in the proposed
rule, has been renamed the soil
exposure pathway in the final rule. The
pathway was primarily designed to -
assess the potential threats posed by
direct exposure to wastes and
contaminated surficial materials at a
site. It evaluated two threats—the
resident population and the nearby
population. In the proposed rule, the
resident population threat includedthree types of targets: High risk
population on a property with observed
contamination, all other residents and
people attending school or day care on a
property with observed contamination,
and terrestrial sensitive environments inwhich there is observed contamination.
The nearby population was based on
people who live or attend school within
a one-mile travel distance and who didnot meet the criteria for resident
population. Figure 8 summarizes the
proposed and final rules.

A number of commenters supported
the inclusion of the pathway, but raisedissues related to its evaluation. For
example, commenters objected to
evaluating the waste characteristicsfactor category solely on toxicity. Three
commenters objected to limiting the high
risk population to children under seven.Other commenters stated that collecting
data on the high risk population would
be difficult. A number of commenters
questioned how the onsite area and area
of contamination would be defined and
how accessibility of the site was
evaluated.

In response lo these comments and to
the field test results, EPA has made a
number of changes to the soil exposure
pathway. The name of the pathway has
been changed to be more consistent
with terminology used in the Superfund
human health evaluation process.

As suggested by commenters, the final
rule limits the area within which human
targets are evaluated for the resident

population threat to locations within
property boundaries and within a
distance limit of 200 feet from an area of
observed contamination. The 200-foot
limit accounts for those situations where
the property boundary is very large, nnd
exposure to contaminated surficial
materials "is unlikely or'iriirequerii
because of the distance of residences,
schools, or work places from an area of
observed contamination on the same
property.

To make the pathway consistent withthe other pathways and in response to
comments, the filial rule includeshazardous waste quantity in the waste
characteristics factor category andmultiplies it by the factor value fortoxicity. New factors, resident
individual and nearby individual, have
been added to make the pathway
consistent with the other pathways, .ill
of which assign values for the
maximally exposed individual (e.g.,
nearest individual or intake). Popul^iion
is evaluated using two levels of actual
contamination based on health-based
benchmarks. Separate consideration of
the high risk population (children under
seven) has been eliminated because the
field test indicated that this factor could
greatly add to the time and expense of
scoring a site yet resulted in little
discrimination among sites. This change
also makes the soil exposure pathway
more consistent with the other
pathways.

In the nearby population threat, the
hazardous waste quantity factor in the
likelihood of exposure factor category
has been renamed "area of
contamination" to reflect both the intent
of the factor and how it is evaluated.
The accessibility/frequency of use
factor has been revised and renamed the
"attractiveness/accessibility" factor.
The revised factor emphasizes
recreational uses of areas of observed
contamination because they are most
likely to result in exposures to
contaminated surficial materials. In
addition, the weighting of the nearby
population relative to the resident
population has been reduced to better
reflect the relative levels of exposure for
those threats.

A number of commenters questioned
whether workers should be counted
when evaluating target populations in
the soil exposure pathway. One
commenter suggested that soil exposure
scoring should "not include activities at
facilities that presently are regulated
under the Occupational Safety and
Health Administration (OSHA)." Other
tommenters, however, stated that
workers should be counted in the target
population. One commenter argued that
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not counting a facility's work force isinconsistent with other population
counting techniques. Anothercommenter said that workers should be
included in the resident population
because the proposed method of
calculating soil exposure pathwayscores can result in inappropriately lowscores when onsite workers are exposed
to wastes or contaminated soil.In response to these comments, the
Agency investigated statutory,
regulatory, and policy conditions that

might restrict the inclusion of workers inthe target population for the soil
exposure pathway. This analysis found
no broad statutory or regulatoryauthority for excluding workers coveredby OSHA regulations from
consideration as targets in the HRS.Although the definition of a release
under CERCLA section 101(22) excludes"any release which results in exposure
to persons solely within a workplace* * *" it only does so for purposes ofclaims by workers who are already

covered by State worker compensation
laws. The legislative history of section
101(22) specifically anticipated that
authority under CERCLA might, in
appropriate cases, be used to respond to
releases within a workplace. Thus, the
Agency concludes that there are no
broad statutory or regulatory
restrictions against consideration of
activities at OSHA-rcgulated facilities.
Bit-UNO CODE M40-SO-M
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The soil exposure pathway is

designed to account for exposures and
health risks resulting from Ingestion of
contaminated surficlal materials.

• Because ingcsticn exposures are
comparable for some types of workers
and residents, the Agency has decided
to include workers in the resident
population threat. However, substantial
variability in the kinds of workers andwork activities at sites (e.g.. indoor andoutdoor) leads to considerable
variability in exposure potential. The
Agenuy believes that determining
specific categories or types of workers isbeyond the scope of MRS data
collection. Thus, workers are assigned
target points on a prorated basis: 5
points are assigned for sites with up to
100 workers: 10 points for sites with 101
to 1.000 workers, and 15 points for
greater than 1.000 workers. Prorating
workers will reduce the data collection
effort. Evaluation of workers Is not
affected by health-based benchmarks.
(See 5 5.1.3.3.) Nearby workers are not
counted in (he nearby populationbonouso the Agency considers II
unlikely that workers from nearby
workplaces would regulnrly visit
contaminated areas outside the property
boundary of their workplace during the
workday, and because there is no way
to estimate accurately the number of
workers who might.

O. Air Migration Pathway
The proposed rule made several

significant changes to the air migration
pathway in the original HRS. In
response to the SARA mandate to
consider potential as well as actual
releases to air. the proposed rule
included an evaluation of the potential
to release. The proposed rule also added
a mobility factor to the waste
characteristics factor category and an
MEI factor to the targets category,
Finally, the proposed rule added explicit
distance weighting factors for evaluatingall factors in the targets category. Figure
9 shows the proposed air migration
pathway and the final rule pathway.
The public provided numerous

comments on these changes and raised
new issues as well. The most significant
new issue concerned the structural
inconsistency in the treatment of gases
and particulates in the proposed air
migration pathway. For example,
commenters observed that in the
potential to release evaluation, it wns
possible to assign a high containment
value to a source with good gas
containment and poor particulate
containment while assigning high source
type and mobility values based on the
presence of gaseous hazardous
substances. This combination would
yield an inappropriately high potential

to release value. This concern was also
noted in discussions with field lest
personnel.

The Agency agrees with these
commenters and investigated methods
to better reflect the differences between
gases and particulates. As a result cf
these analyses. EPA has made several
changes to th<? final rule in both the
likelihood of release and waste
characteristics factor categories.

In the likelihood of release factor
category, the final rule evaluates source
potential to release separately for gases
and particulates. Only those sources
containing gaseous hazardous
substances are evaluated for gaspotential to release, and only those
sources containing hazardous
substances that can be released as
particulates are evaluated for
particulate potential to release. This
change in potential to release structure
necessitated other changes in the
scoring of potential to release including
development of separate gas and
purticulate source type factors and
migration potential factors. The names
of these latter factors were also changed
to highlight the differences between
potential to release "mobility" and
waste characteristics "mobility." (See
5 J 6.1 .2.1 .3. 6.1 .2.2.3.)
WLLINO COOt IMO-M-M
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Figure 9

Air Migration Pathway
PROPOSED HRS
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FINAL HRS

Likelihood of Release X
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Potential to Release
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Gas Containment
Gas Source Type
Gas Migration Potential
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Nearest Individual
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basic structure of the potential torelease factors, the final rule includes
several additional changes in the sourcetype list, migration potential factors, and
containment factors. Based on the
experience gained in the field test. EPA
added several source types to the sourcetype list. Some of these additions (e.g.,
surface impoundment (not buried/backfilled): dry) simply clarifyclassifications that were implied in the
proposed source type list Other
additions, such as source types
involving biogaa release, wereconsidered early in the development of
the proposed HRS but were not includedoriginally in the interest of simplicity.
Field test experience, however,
indicated that their inclusion in the finalrule was necessary. Finally, new
distinctions within some source types
(e.g., the various types of piles) were
added partly in response to comments
and partly as a result of field, test
experience. As applicable, source type
values were also revised. (See§ 5 6.1.2.1.2,6.1.2.2.2 and Table 6-4.)

The revised gas and participate
migration potential factors are very
similar to the proposed likelihood of
release gas and participate mobility
factors. Several commenters questioned
ti.e need for including dry relative soil
volatility in the final gas migrationfactor. A simplification analysis
indicated that dry relative soil volatility
was redundant as it was almostcompletely determined by vapor
pressure. Hence, the final gas migration
potential factor includes only vapor
pressure and Henry's law constant. The
participate migration potential factor in
the final rule is simply the particulate
component of the proposed potential to
release mobility factor.

The containment factors were also
changed as a result of the field test, a
review of recent information on covering
systems, the examination of air release
rate models, and the public commentson the need for simplicity hi the final
rule. The final list of containment
descriptions eliminated many redundant
descriptions and changed others,
retaining only those distinctions that are
necessary based on type of source. (See
§ §6.1 .2.1 . 1 . 6.1.2.2.1 and Tables 6-3, 6-
9.) As discussed in Section III F above,
two new mobility factors were
developed for the waste characteristics
factor category.

Commenters generally supported the
concept of distance weighting target
factors. However, several disagreed
xvith the approach used to develop the
proposed factor values. Some
; oivmontevs suggested basing the factor

size of the site, while others suggestedthat additional atmospheric phenomena
(e.g., particulate deposition) be reflected
in the final values. As a result of thesecomments, EPA has revised the distance
weighting factors used in the final ruleto reflect long-term atmosphericphenomena. Analyses indicated that
particulate deposition and other similar
phenomena as well as site size were notsufficiently significant within four miles
of a site to warrant their inclusion in the
final factor values. EPA also notes thatthe distance weighting factor values are
now incorporated in the populationfactor value table. (See { 6.3.2,4 and
Table 6-17.)
P. Large Volume Waste*

Mining waste sites. A number of
commenters representing miningcompanies, trade associations, and State
and Federal agencies commented on
how the proposed HRS would score
mining waste sites; commentersrepresenting waste management
facilities raised similar issues in regard
to their sites. This section summarizes
and addresses the major issues
addressed by these commenters.Commenters raised several concernsregarding the appropriate consideration
of background levels of metals indocumenting direct or indirect releases
from mining waste sites. One
commenter recommended that in
determining direct releases from amining waste site, EPA should consider
the natural characteristics of the site
prior to mining and the changes inmigration rates resulting from mining.
The commenter explained that the
concentration of metals in a mining
waste pile may be similar to or less than
natural concentrations in soil or rocksbelow and adjacent to the pile. Todocument indirect releases, the
commenter suggested that EPA require
collection of detailed information on site
geology and hydrological gradients toensure proper consideration of
background levels. Finally, thecommenter asserted that although it is
appropriate to weight observed releases
more heavily than potential releases at
sites with synthetic organic hazardous
substances, the criteria used to define
observed release are not valid at sites
with natural sources of metals. Another
commenter agreed and suggested that
because of background levels of
inorganic elements, the proposed HRS
could identify as an observed release
concentrations unrelated to minir.s
activities.

EPA recognizes that natural
background concentrations of metals in
soil or rock3 can affect the measured

nnmu»j}JrAiinn.ae£Juuarv, laejilahlish an
observed release at a mining waste site.
This consideration is reflected in the
requirement that concentrations
significantly above background be
shown to establish an observed release.
Moreover, EPA has clarified the
observed release criteria in the final rule
to explain that they specify minimum
differences necessary to establish an
observed release by chemical analysis.

Several commenters questioned thetreatment of metals in the ground water
mobility factor. One commenter statedthat the proposed HRS is biased against
mining waste sites because it gives
greater consideration to the accurateassessment of the mobility of organicsubstances tt»»n to that of naturally
occurring metals. The commenter notedthat the proposed persistence factor forthe surface water migration pathway
accounts for the degradation of
hazardous substances in the
environment through four processes.
None of these processes, according to
the commenter, applies to metallic
elements, which received a default value
of 3 (the highest possible score for
persistence). Another commenter stated
that decreased mobility was consideredonly for organic compounds, even
though inorganic compounds are
immobile in some situations.

One commenter stated that adding a
metals mobility factor, as EPA's Science
Advisory Board (SAB) recommended,
would allow the HRS to reflect more
accurately the potential for metallic
elements to migrate in the aqueous
phase. Two commenters were concerned
that metals would be assigned a "worst-
case" default value for mobility. On the
'other hand, another commenter stated
that consideration of the mobility of
metals in the revised HRS would at least
partially rectify the bias in the current
HRS against high-volume, low-
concentration mining wastes.

A number of these commenters
appear to have misunderstood the
proposed rule. Metals were not
automatically assigned the maximum
value as a default in the ground water
mobility factor, but rather were assigned
values based on their coefficient of
aqueous migration. The final rule,
automatically assigns the maximum
value for mobility only to metals
establishing an observed release by
chemical analysis, which is the same
way organics and nonmetallic
inorganics are evaluated. For metals and
metal compounds not establishing an
observed release by chemical analysis,
mobility is based on water solubility
and distribution coefficient (Kd), thesame as foi organics and nonme'.alli-
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inorganics. If none of the hazardoussubstances (including metals, organics,
and nonmetallic inorganics) eligible to
be evaluated for the site can be assigneda mobility factor value based on
available data. § 3.2.1.2 of the final ruleassigns a mobility factor value of 0.002
for all of the hazardous substances. Thisvalue was selected based on a review of
the range of mobility factor values
assigned to those hazardous substances(including metals) for which data were
available for assigning mobility factor
values. The value of 0.002 is clearly not
a worst-case default (which would be1.0).EPA believes that the persistencefactor is not biased against metals.
therefore, should receive higher scoresfor persistence than other substancessubject to degradation processes.One commenter claimed that the soil
exposure pathway is likely to bias theHRS scores of mining waste sites
toward higher values because such sitescontain large volumes of waste covering
large surface areas, and because of
geographic factors, these large areas are
seldom secured against direct public
access. In addition, according to the
commenter. the public may be attractedto mining waste sites. The commenter
suggested that the soil exposure
pathway incorrectly assumes there is an
exposure because there is access tomining waste sites.EPA does not agree that the soil
exposure pathway is biased against
mining waste sites. The pathway
evaluates exposures of people viacontact with surficial hazardous
substances. The Agency believes that.all else being equal, large contaminated
surface areas with public access,
including those associated with mining
waste sites, should receive higher scoresfor the soil exposure pathway thansmaller sites with more restrictedaccess. Even sites with large
contaminated surface areas are unlikelyto be assigned high scores except whenthey are near residential areas or
include a listed sensitive environment.As some commenters representing
mining-related activities have noted inthe past, most mines are located somedistance from inhabited areas.

Three commenters stated that the
original HRS was biased against sites
such as mining waste sites that are
characterized by high volumes of waste
with relatively low concentrations of
toxic constituents. Two of these
commenters suggested that mining
wastes would be appropriate for
hazardous constituent quantity
determination because such wastes are
rela'ively homogeneous (compared to

other wastes) and, therefore, have fairly
consistent concentrations. One of thesetwo commenters also stated that thehazardous waste quantity factorequations in Table 2-14 of the proposed
rule should be revised to be lessconservative. The remaining commenter
suggested that the proposed HRS wasstill biased against mining waste sitesbecause they are still scored based onthe quantity of waste rather than on the
concentration of the waste at the pointof exposure.EPA does not agree that the HRS isbiased against high-volume, low-
concentration waste sites. The final rule
incorporates concentration data in three
factors: (1) Likelihood of release
establishing an observed release); (2)hazardous waste quantity
(concentration data, if available andadequate, can be used for calculating
hazardous constituent quantity); and (3)
targets (concentrations of hazardous
substances present in drinking waterwells or at other exposure points can be
used to determine weightings for nearest
individuals (or wells or intakes),
populations, and sensitive environments
factors). EPA has not explicitly required
concentration data for all sites becauseof the substantial costs for obtaining
these data and the very high degree of
uncertainty associated with data
collected during Sis.EPA requested that the SAB review
issues related to large-volume waste
sites before the NPRM was published.
The SAB final report is available in theCERCLA docket. Two commenters
stated that the Agency did not
adequately consider the SAB'srecommendations for revising the HRS,
specifically those concerning the use ofmobility data.

The SAB, in its review of the originalHRS, examined whether large-volumewaste sites (e.g., mining waste sites) hadbeen treated differently than other
waste sites and concluded thatinsufficient data were presented to
demonstrate that the original HRS wasbiased against mining waste sites.However, the SAB noted that the
original HRS had the potential for such a
bias, particularly when scoring potential
to release, because the original HRS did
not consider mobility, concentration of
hazardous constituents, and transport.
The SAB suggested several possible
modifications to improve the application
of the HRS to mining waste sites.

Based in part on the SAB suggestions,
EPA proposed several changes to the
overall scoring process to make the HRS
more accurately reflect risks associated
with mining waste sites, notably,
addition of a mobility factor to the air

and ground water migration pathways,
changes in the persistence factor,
incorporation of a tiered hazardouswaste quantity factor that can account
for waste concentration data, and
addition of health-based benchmarks for
evaluating population. As explained in
the NPRM. determining speciation ofmetals and pH, as the SAB had
suggested, is not feasible given thetemporal and spatial variations athazardous waste sites and the
limitations on SI data collection.
Moreover, determining speciation is not
feasible for most substances given
EPA's current analytical procedures;
requiring speciation analyses would addsubstantially to the cost of data

Two commenters stated that the
proposed HRS can significantly
overestimate risks associated with
mining waste sites that consist of high-
volume, low-concentration wastes. One
of these commenters recommended a
"preliminary evaluation system" to more
accurately reflect the actual risks
associated with such sites and remove
any bias in the HRS relative to other
types of sites. This commenter also
suggested that in proposing the HRS
revisions, EPA had ignored the results of
its own studies under RCRA sections
3001 and 8002, which the commenter
believed to be more focused efforts toquantify risks from mining waste sites
than the HRS revisions.

EPA does not believe that a separate
"preliminary evaluation system" for
scoring mining waste sites would be
appropriate. A single HRS can be
applied uniformly to all sites, allowing
the Agency to evaluate sites relative toeach other with respect to actual and
potential hazards. The Agency
examined the RCRA studies cited by thecommenter before proposing HRS
revisions. Those studies, which focus on
the management of wastes at active
facilities, concluded that many specialstudy waste sites (e.g., mining) do not
present very high risks, while others
may present substantial risks. EPA
believes that the conclusions of these
studies and the Agency's subsequent
regulatory determinations (i.e., not to
regulate most mining wastes under
RCRA Subtitle C) are not inconsistent
with a determination that some mining
waste releases can require Superfund
response actions. Furthermore, the HRS
is designed so that it can be applied to
closed and abandoned sites as well as
active sites.

Other large volume waste sites.
.Several commenters suggested that the
proposed HRS did not meet CERCLA
section 125 requirements for sites
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involving fossil fuel combustion wastes.These commentera generally agreed that
section 125 requires EPA to consider the
quantity and concentration of hazardous
constituents in fossil fuel combustion
wastes and that the proposed MRS had
not adequately addressed this
requirement.

One commenler supported the
Agency's proposal to allow
consideration of concentration data
when such data are available. Three
commenters stated that the proposed
HRS would often assign fossil fuel
combustion waste sites high scores in
part because of the worst-case
assumptions or "default values" for
certain factors (i.e., hazardous waste
quantity, toxicity, target populations).
The commentera claimed that fossil fuel
combustion waste sites receive high
scores merely because of the large
quantity of waste, although this waste
presents no significant adverse
environmental effects, and that these
high scores are inconsistent with EPA's
findings in the RCRA section 8002 study.
One of the three commenters suggested
that the proposed HRS retained certain
deficiencies of the original HRS, such as
assuming that all hazardous substances
in the waste consist of the single most
lovic constituent in the waste.

EPA does not believe that the
approach taken in the final rule createsa bias against fossil fuel combustion
wastes. Partly because concentration
data are considered in the final rule,fossil fuel combustion waste sites are
not expected to score disproportionatelyhigh when compared with other types of
sites. The HRS assumes that it is not
possible to determine in a consistent
manner the relative contribution to risk
of all hazardous substances found at
sites. Given this assumption, EPA has
determined that basing the toxicity of
the combination of substances at a site
on the toxicity of the substance posing
the greatest hazard is a reasonable and
appropriately conservative approach. In
many cases, the substance posing the
greatest hazard is not several orders of
magnitude more toxic than other
hazardous substances at the site.Therefore, the effect of this approach on
the toxicity factor value—which is
evaluated in one order of magnitude
scoring categories—is not as great as .
some commenters have suggested (see
also section III D). In addition, as noted
above, worst-case defaults are not
assigned for mobility; population factors
have no default values.

Two commenters suggested that
because CERCLA section 125 contains
no statutory deadlines, EPA should take
as much time as necessary to

adequately respond. These commentersrecommended that EPA extend the
tiered approach of the hazardous waste
quantity factor to other factors to take
advantage of the extensive data on
fossil fuel combustion wastes generated
by the electric utility industry.

The Agency does not agree that the
tiered approach used in the hazardous
waste quantity factor should be
extended to other factors for fossil fuel
combustion waste sites (see also section
III K). EPA believes that creating a
separate HRS to score certain types of
sites would not allow the Agency to
provide a uniform measure of relative
risk at a wide variety of sites, as
Congress intended.

One commenter recommended that
EPA consider using fate and transport
models currently under development to
incorporate quantitative representations
of specific processes and mechanisms
into the HRS. EPA carefully examined
this possibility and concluded that
although the use of fate and transport
models could conceivably increase the
accuracy of the HRS for some pathways,
collection of the required site-specific
data would be far too complex and
costly. Fate and transport models are
appropriate for a comprehensive riskassessment, but not for a screening tool
such as the HRS. In addition, EPA's
review suggested that it would be more
difficult to achieve consistent results
among users of such models than with
the HRS. EPA points out that it used fate
and transport models to develop the
distance weighting factors used in the
HRS target calculations, and also thatthe HRS incorporates several hazardous
substance parameters (e.g., mobility)
and site parameters (e.g., travel time)
that are components of fate andtransport models.

Two commenters expressed concern
that the proposed HRS fails to account
for the teachability of hazardous
constituents as required by CERCLA
section 125. According to thecommenters, some hazardous
constituents pose no risk via ground
water because they will never be
released to that medium. Thus, even if
hazardous waste quantity and
concentration are considered
adequately, hazardous waste quantity
scores for fossil fuel combustion sites
will be erroneously-high unless
teachability is considered as well.

EPA examined the availability of
Icachate data and the feasibility of using
such data for calculating hazardous
substance quantity for all types of
sources and wastes. The Agency
decided against using leachate
concentrations because:

• Leachate data are not available for
all sources and wastes, and available
leachate data on high-volume wastes
and some landfills have limited
applicability for estimating the quant ify
of teachable hazardous substances:

• Leachate data derived from lab
studies are limited and do not
realistically represent the universe of
field conditions such as heterogeneity of
wastes, chemistry of leachate, and
density and pore volume of disposedwastes; and

• Any method for using leachate data
could not be consistently or uniformly
applied to all sites.

EPA also examined the feasibility of
developing site-specific leachate data
for estimating teachable hazardous
substance quantity for the ground water
migration pathway. EPA decided against
this option because reliable estimation
of teachable hazardous substance
quantity requires comprehensive
sampling of site-specific heterogeneous
waste, which would bs prohibitive 'y
expensive and not feasible. In some
cases, such sampling would be
technically unfeasible and unsafe.

EPA evaluated alternatives for
developing a surrogate for estimating
teachable hazardous substance quantity.
The Agency found that adding the
mobility factor to the ground water
migration pathway, based both on
solubilities and distribution coefficients
(K<js) of hazardous substances, and
multiplying it by the hazardous wasie
quantity factor would be a feasible
alternative for approximating the
fraction of hazardous substance
quantity expected to be released to
ground water.
Q. Consideration of Removal Actions
(Current Versus Initial Conditions)

The original HRS based the
evaluation of factors on initial
conditions. In the preamble to the
proposed rule, EPA specifically
requested comments on whether sites
should be scored on the basis of initial
or current conditions. The principal
question is whether the effect of
response actions, such as the removal of
some quantity of the waste, should be
considered when sites are scored Initial
conditions are defined by the timing of
the response action; that is. initial
conditions are the conditions that
existed prior to any response action. For
sites where no response action has
occurred, initial and current conditions
are the same for evaluating sites.

Of the 25 commenters responding to
• th i s issue, 15—including all industry
commenters—supported scoring en
current conditions. In the preamble of
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the proposed rule, EPA presented two
actions in HRS scores: (1) Consider
these actions only for those pathways
and factors for which they are most
appropriate; and (2) consider these
actions in all pathways, but makeexceptions at sites where initialconditions more accurately reflect risks.Those who stated a preferencefavored the second, specifying that the
exceptions should be clearly defined inthe final rule. These commentera stated
that scoring all pathways on currentconditions would encourage responsibleparties to clean up sites quickly. They
reasoned that if cleanups are delayed,the threat of migration of the hazardous
substances increases; therefore, scoring
on current conditions is consistent with
the intent of CERCLA because it
encourages rapid remedial action. One
commenter said that scoring on initial
conditions made little sense when, as aresult of the cleanup, the level of
residual contamination was below the
level required by CERCLA.Several proponents of scoring on
current conditions stated that EPA's
concern that responsible parties would
clean up sites just enough to avoid being
listed on the NPL was unfounded. They
argued that the proposed scoring system
is too complicated to manipulate, andthat predicting the effect of partial
cleanups on the final score would bedifficult. Others suggested that where
contamination remains, sampling duringan SI will discover it.

Ten commenters did not fully supportscoring on current conditions. Only one
opposed any consideration of currentconditions. Several commenterssupported scoring the soil exposure and
air migration pathways on current
conditions. Others stated that responseactions should be considered only when
the actions are conducted under Federal
or State direction, or when the action
constitutes a complete cleanup. Severaladded that State actions should not be
considered because it would penalizeStates with active remedial programs.
One commenter suggested scoring sites
on both current and initial conditions; ifthe response action had addressed all
hazards, then the current conditions
score should be used.
Based on public comment, EPA has

decided to change its policy on
consideration of removal actions. The
Agency agrees that consideration of
such actions in HRS scores is likely to
increase incentives for rapid actions by
responsible parties, reducing risks to the
public and allowing for more cost
effective expenditure of the Fund. In
making this decision, EPA tried to
balance the benefits of considering

removal actions in HRS scores (e.g.,increased incentives for rapid actions]
while also ensuring that the HRS score
reflects any continuing risks at siteswhere contamination occurred prior to
any response action.Therefore, EPA will calculate waste
quantities based on current conditions.However, EPA believes the accuracy of
this approach depends on being able to
determine with reasonable confidencethe quantity of hazardous constituentsremaining in sources at the site and thequantity released into the environment.As a consequence, where the Agencydoes not have sufficient information to
estimate the quantity of hazardous
constituents remaining in the sources atthe site and in the associated releases, aminimum factor value may be assignedto the hazardous waste quantity factor
value. Thus, removal actions may notreduce waste quantity factor valuesunless the quantity of hazardous
constituents remaining in sources and in
releases can be estimated with
reasonable confidence.
In addition to providing incentives for

early response, this approach also
provides incentives for potentially
responsible parties to ascertain the
extent of the remaining contamination at
sites. Potentially responsible parties
undertaking removal actions will have
the primary responsibility for collecting
any data needed to support a
determination of the quantity of
hazardous constituents remaining. EPA
expects responsible parties may need to
conduct sampling and analyses todetermine the extent of hazardous
substance migration in soils and othermedia in order to estimate with
reasonable confidence the quantity ofhazardous constituents remaining.EPA decided not to limit the
consideration of response actions to
certain pathways (e.g., the soil exposurepathway) because this would overstate
the risk at sites where removal of
wastes has eliminated threats in allpathways. Moreover, a more limited
approach to consideration of responseactions would provide less incentive forrapid response action.EPA will evaluate a site based on
current conditions provided that
response actions actually have removed
wastes from the site for proper disposal
or destruction in a facility permitted
under the Resource Conservation and
Recovery Act (RCRA), the Toxic
Substances Control Act (TSCA), or by
the Nuclear Regulatory Commission.
HRS scoring will not consider the effects
of responses that do not reduce waste
quantities such as providing alternate
drinking water supplies to populations
with drinking water supplies

contaminated by the site. In such cases.
EPA believes that the initial targets
factor should be used to reflect the
adverse impacts caused by
contamination of drinking water
supplies; otherwise, a contaminated
aquifer could be artificially shielded
from further remediation. This decision
is consistent with SARA section HB(a),
which requires that EPA give high
priority to sites where contamination
from the site results in closed drinking
water wells. Similarly, if residents arerelocated or if a school is closed
because of contamination due to the
site, EPA will consider the initial targetsin scoring the site.

As noted in the proposed rule
preamble, EPA would only consider
removals conducted prior to an SI. EPAbelieves that the SI is the appropriate
time to evaluate conditions, because it is
the source of most of the data used to
score a site. Because response action at
sites may be an ongoing process, it
would be burdensome to recalculate
scores continually to reflect such
actions.
In response to commenters, EPA also

considered whether response actions
should be considered in HRS scores
only if they are performed under a State
or EPA order. EPA decided not to
choose this approach for two reasons.
First, it would diminish the incentive for
an expeditious response at the site if asigned order were required. Second,
because a response action must be
conducted before the SI to be
considered in the HRS score, there
would be little information on site
conditions upon which this order couldbe based.

EPA has also decided not to
differentiate between response actions
initiated by States and those conducted
by other parties. The Agency believes
this approach will help ensure
consistent application of the HRS by
avoiding situations where two similar
sites are scored using different sets of
rules. Moreover, although the Agency is
sympathetic to concerns about
disincentives to Statps for initiating
actions, it believes that such cases will
be rare. Many State (and Federal)
removal actions are interim measures
designed to stabilize conditions at the
site. Given the more limited definition of
response action noted above (e.g.,
removal of waste from the site for
disposal or destruction in a RCRA-
permitted facility), many actions
conducted by States would not be
considered in HRS scoring. In addition,

^ in many cases, State and Federal
removal actions are undertaken after an
SI has been conducted. As noted above,
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EPA will only consider removals
conducted before the SI in the HRS
score.
R. Cutoff Score

In the NPRM preamble, EPA proposed
that the cutoff score for the revised HRSbe functionally equivalent to the current
cutoff score of 28.5. The Agency also
requested comment on three proposedoptions for determining functional
equivalence:• Option 1: Score sites using both the
original and final rule, then usestatistical analysis to determine whatrevised MRS score best corresponds to
28.5;• Option 2: Choose a score that wouldresult in an NPL of the same size as the
NPL that would be created by using theoriginal MRS; and• Option 3: Identify the risk level that
would correspond to 2&5 in the original
MRS and then determine what revisedMRS score corresponds to that risk level.Some commenters stated that therecannot be a functional equivalence if the
revisions have any meaning. They
argued that if the revisions meet the
statutory mandate to make the HRS
more accurate, the scores should be
different and, therefore, cannot be
related. Several commenters supported
the use of a functional equivalent butwere divided about which option should
be used. One commenter stated that the28.5 score should be evaluated to
determine whether it reflected minimumrisk levels. If it did, the commenter
suggested that a functional equivalent
would be appropriate and should be
determined using equivalent risk levels
(option 3), but also with an eye toward
keeping the NPL to a manageable size(option 2).

Commenters not supporting the use ofa functional equivalent suggested a
variety of alternative approaches,
including:

• Establish the cutoff score based onrisk, without regard to the current cutofflevel or a functional equivalent• Leave the score at 28.5;• Propose a new cutoff score and a
description of methodology in a publicnotice with a 6O-day public comment
period;
• Lower the cutoff score to provide an

incentive to responsible parties to
undertake remedial efforts and make it
possible for sites where a removalaction has taken place to make the NPL,
thus reducing the controversy over
whether to score sites based on current
conditions;

• Raise the cutoff score by at least 20
points;
• Eliminate the present cutoff score

by creating categories of sites instead of

individual ranks as a means of
prioritizing NPL sites;• Amend the NPL annually to include
only those sites that deserve priority
attention (e.g., orphaned sites) and are
likely to receive Superfund financing; or
• Rank all sites showing any degreeof public health and/or environmentalrisk on a relative scale and performremedial activities based on available

funding.
In addition, four commenters felt thatthe cutoff score for the final rule should
not be fixed until the technical merits
and potential scores of representativesites are tested and compared using
both the current and proposed HRS.
Further, one commenter noted that thefield test did not indicate therelationship between the revised HRSscore for a given site and the current
score; another added that until this
equivalency issue is clarified,
meaningful comment on any proposed
revisions cannot be made.Based on an analysis of 110 test sites,EPA has decided not to change the
cutoff score at this time. This conclusionwas reached after applying all three
approaches to setting a cutoff score thatwould be functionally equivalent to 28.5.
In its analysis, the Agency scored field
test sites with both the original and
revised HRS. The data from these test
sites show that few sites score in the
range of 25 to 30 with the revised HRS
model. The Agency believes that this
range may represent a breakpoint in the
distribution of site scores and that thesites scoring above the range of 25-30
are clearly the types of sites that the
Agency should capture with a screeningmodel. Because the analysis did not
point to a single number as the
appropriate cutoff, the Agency hasdecided to continue to employ 28.5 as a
management tool for identifying sitesthat are candidates for the National
Priorities ListEPA believes that the cutoff score has
been, and should continue to be, a
mechanism that allows it to make
objective decisions on national
priorities. Because the HRS is intendedto be a screening system, the Agency
has never attached significance to the
cutoff score as an indicator of a specific
level of risk from a site, nor has the
Agency intended the cutoff to reflect a
point below which no risk was present.The score of 28.5 is not meant to imply
that risky and non-risky sites can be
precisely distinguished. Nevertheless,
the cutoff score has been a useful
screening tool that has allowed the
Agency to set priorities and to moveforward with studying and, where
appropriate, cleaning up hazardous

waste sites. The vast majority of sites
scoring above 28.5 in the past have been
shown to present risks. EPA believes
that a cutoff score of 28.5 will continue
to serve this crucial function.
IV. Section-by-Section Analysis of Rule
Changes
Besides the changes discussed above,EPA has ma*de substantial editorial

revisions in the rule being adopted
today. Source characterization is
discussed in section 2 of the final rule,
along with factors that are evaluated in
each pathway. These factors include
hazardous waste quantity, toxicity, and
evaluation of targets based on
benchmarks. The order of presentationof the pathways has been changed to
ground water, surface water, soil
exposure, and air. Following the four
sections describing the pathways, a
section has been added explaining how
to evaluate sites that have radionuclides
either as the only hazardous substances
at the site or in combination with other
hazardous substances.
In general, descriptive text that

provided background information has
been removed as have references and
data sources; the sections have been
rewritten to make the rule easier to read
and to apply. The figures presenting
overviews of the pathways and the
scoring sheets have been revised
throughout to reflect changes in the rule
and assigned values.
This section describes, for each

section of the rule and each table, the
specific substantive changes; editorial
changes that do not affect the content of
the rule are not generally noted.
Section 1 Introduction

The text explaining the background of
the HRS and describing the rule has
been removed. Definitions of a number
of additional terms used in the rule havebeen added for clarity. The definition of
"hazardous substance" has been revised
for clarification. The definition of "site"
has been clarified and now indicatesthat the area between sources may also
be considered part of the site. The
definition of "source" has been revised
to explain that those volumes of air.
ground water, surface water, or surface
water sediments that become
contaminated by migration of hazardous

. substances are not considered a source,
except contaminated ground water
plumes or contaminated surface water
sediments may be considered a source if
they cannot be attributed to an
identified source. In addition, the
definition of source now includes soils
cbntaminated by migration of hazardous
substances.
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Under the original MRS, the Agency
took the approach that all feasible
efforts should be made to identify
sources before listing a site on the NPL.
If. after an appropriate effort has failed
to identify a source, the Agency
believed that the contamination was
likely to have originated at the type of
source that would be addressed under
Superfund. such sites were Ifsted.
Subsequent investigations after listina
have generally identified a specific
source. In some cases, EPA has not
listed contaminated media without
clearly identified sources because it
appeared the source of pollution would
not be addressed by Superfund
programs; an example of such a source
would be extensive, low-levelcontamination of surface water
sediments caused by pesticideapplications. EPA has found this
approach to be generally workable and
will continue to evaluate, on a case-by-
case basis, whether sites with no
identified sources should be listed. •

Where contaminated media with no
identified sources exist, the final rule
generally assigns a hazardous waste quantity
facto: value to* such contamination, with the
value depending on whether there are any
targets subject to Level I or Level II
concentrations. For contaminated sediments
in the surface water migration pathway, if
there is a clearly defined direction of flow,
target distances are measured from the point
of observed sediment contamination that is
farthest upstream. For ground water plumes
and for contaminated sediments where there
is no clear direction of flow, the center of the
observed ground water or sedimentcontamination is used for the purpose of
measuring target distance limits.
Section 2 Evaluations Common to
Multiple Pathways
This section covers factors and

evaluations common to multiple
pathways. The major changes to these
factors include: observed release criteria
have been revised; the toxicity factor
has been changed to a linear rather than
a log scale; scales for hazardous wastequantity have been made linear and
expanded, and the hazardous waste
quantity minimum value has been
changed; the waste characteristics
factor category score is now obtained by
multiplying the factor values and using a
table to assign the final score; use of
benchmarks has been extended to all
pathways and to the nearest individual
(well/intake) factor anc1 the methods for
comparisons to benchm rks have been
changed as have the benchmarks used.
The purpose of this part is to make the
rule less repetitious by presenting full
explanations of the evaluation of certain
factors only once rather than in each
pathway in which they occur.

Exceptions related to radionuclides arenoted throughout the rule and
referenced to Section 7.
Section 2.1 Overview. Introduces the

pathways and threats included in HRS
scoring.

Section 2.1.1 Calculation of HRS site
score. Provides the equation used to
calculate the final HRS score.

Section 2.1.2 Calculation of pathwayscore. Indicates, in general, how
pathway scores are calculated and
includes a sample pathway score sheet
(Table 2-1).

Section 2.1.3 Common evaluations,
Lists evaluations common to all
pathways.

Section 2.2 Characterize sources.Introduces source characterization andreferences Table 2-2, the new sample
source characterization worksheet.

Section 2.2.1 Identify sources.
Explains that for the three migration
pathways, sources are identified, and
for the soil exposure pathway, areas of
observed contamination are identified.

Section 2.2.2 Identify hazardous
substances associated with a source.
Covers information previously provided
in the introduction to the waste
characteristics factor category.

Section 2.2.3 Identify hazardous
substances available to a pathway.
Explains which hazardous substancesmay be considered available to each
pathway. For the three.migration
pathways, the primary limitation on
availability of a hazardous substance to
a pathway is that the substance must bein a source with a containment factor
value, for that pathway, greater than 0;
that is, the hazardous substance must be
available to migrate from its source to
the medium evaluated. For the soilexposure pathway, the primary
limitation is that the substance must
meet the criteria for observed
contamination and, for the nearby
threat, it must also be accessible.

Section 2.3 Likelihood of release.
Specifies the criteria for establishing anobserved release (discussed in section
III G of this preamble) and explains thatpotential to release factors are
evaluated only when an observedrelease cannot be documented. Table 2-
3, which replaces Table 2-2 in the
proposed rule, provides the revised
observed release criteria for chemical
analyses for the migration pathways.
Table 2-3 is also used in establishingobserved contamination for the soil
exposure pathway.

Section 2.4 Waste characteristics.
Defines the waste characteristics factorcategory.

Section 2.4.1 Selection of substance
potentially posing greatest hazard.

Explains how to select the substance
potentially posing the greatest hazard.

Section 2.4.1.1 Toxicity factor.
Explains how to assign toxicity values.
Changes in the approach to scoring
toxicity are discussed in section III D of
this preamble. Table 2-4 (proposed rule
Table 2-11) has been revised to make
the assigned factor values linear rather
than logarithmic values; however, the
relationship among the values has not
changed. A provision to always assign
lead (and its compounds) an HRS
toxicity factor value of 10,000 was
added as a result of changes since thetime of the proposed rule in the way
EPA develops chronic toxicity values forlead (i.e., reference doses, in units ofintake (mg/kg-day), are no longerdeveloped for lead).

Section 2.4.1.2 Hazardous substance
selection. Lists which factors are
combined, in each pathway or threat, to
select the hazardous substance
potentially posing the greatest hazard
For each migration pathway, each
substance eligible for consideration is
evaluated based on the combination of
toxicity (human or ecosystem) and/or
mobility, persistence, and
bioaccumulation (or ecosystem
bioaccumulation) potential. The
substances selected for each pathway 01
threat are those with the highest
combined values. For the soil exposure
pathway, the substance with the highest
toxicity value is selected from among
substances that meet the criteria for
observed contamination for the threatbeing evaluated. The use of
bioaccumulation in the selection of
subsjtances in the human food chain
threat has changed as a result of the
structural changes discussed above. In
the proposed rule, only substances with
the highest bioaccumulation values were
evaluated for toxicity/persistence; in the
final rule, the substance with the highest
combined toxicity/persistence/bioaccumulation value is selected in the
human food chain threat of the overlandflow/flood migration component. For the
ground water to surface water migration
component, mobility is also considered.
This revised method better reflects the
overall threat.

Section 2.4.2 Hazardous waste
quantity. Describes how to calculate the
hazardous waste quantity factor value,
as explained in section III D of this
preamble. The explanation has been
simplified from that presented in the
proposed rule, and a discussion of
unallocated sources has been added. A
discussion clarifying the method for
evaluating hazardous waste quantity in
the soil exposure pathway was also
added, and clarifying language on this
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point was inserted throughout die
subsections of § 2.4.2. Table 2-13 from
the proposed rule has been eliminated.Section 2.43.1 Source hazardous
waste quantity. Details the measuresthat may be considered in evaluating
hazardous waste quantity for a source
or area of observed contamination.Section 2.4.2.1.1 Hazardous
constituent quantity. Explains how toassign a value to the hazardousconstituent quantity factor. Anexplanation of the treatment of RCRAhazardous wastes has been added toclarify the scoring of these wastes.
Table 2-5, Hazardous Waste QuantityEvaluation Equations (proposed rule
Table 2-14), has been revised in severalways. The constant divisor of 10 hasbeen moved from these equations and isnow incorporated into the factor values
surface impoundments are now listed to
ensure that buried surface
impoundments are treatedappropriately. The term "tanks" has
been added to containers other thandrums to clarify how tanks should be
evaluated. Also, equations for
calculating hazardous waste quantifybased on area have been revised basedon a study of waste sites. The study
indicated that new depth assumptionsshould be used for some sources; the
land treatment equation was revisedbased on data from the same studyabout typical loading rates in land
treatment operations.Section 2.43.1.2 Hazardouswastestream quantity. Explains how toassign a value for hazardouswastestream quantity based on the massof the wastestream. An explanation of
the treatment of RCRA hazardouswastes has been added to clarify thescoring of these wastes.

Section 2.4.2.1.3 Volume. Explains
how to assign a value for source volume.Section 2.4.2.1.4 Ana. Explains howto assign a value for source area.Section 2.4.2.1.5 Calculation of
source hazardous waste quantity value.
Explains how to assign a value to sourcehazardous waste quantity.

Section 2.4.23 Calculation of
hazardous waste quantity factor value.Explains how to assign a factor value tohazardous waste quantity using Table2-6. The values hi Table 2-6 include
several changes. The cap applied to the
factor value (i.e.. the lowest hazardouswaste quantity value required to assign
the maximum factor value) has been
increased to reflect more accurately the
range of hazardous substance quantities
found at waste sites. The cap is set
based on the maximum quantity foundat current NPL sites. Rather than being
assigned o maximum of 100, as in the

proposed rule, the assigned factor
values range to 1,000,000. Each factorvalue less than the cap is assigned forquantities that range across; two ordersof magnitude. The two-order-of-
magnitude ranges reflect the uncertaintyhi estimates of bom quantity andconcentration of the hazardoussubstances hi sources and associatedreleases as well as uncertainty inidentifying all sources and associated
releases. Using the ranges alsosimplifies documentation requirements.Non-zero values below 1 are rounded to
1 to ensure that sites with smallamounts of hazardous substances willreceive a non-zero score for wastecharacteristics. When hazardousconstituent quantity data areincomplete, the minimum hazardouswaste quantity factor value is 10, except
any target subject to Level I or IIconcentrations; and (2) migrationpathways where there has been aremoval action and the hazardous waste
quantity factor value would be 100 orgreater without consideration of the
removal action, hi these cases, theminimum hazardous waste quantityfactor value has been changed to 100
(see sections III C and HI Q above forfurther discussion of the new minimum
values).Section 2.43 Waste characteristicsfactor category value. Explains how to
assign a value to the waste
characteristics factor category. As
discussed above, the final waste
characteristics factor value is capped at100 (1,000 with bioaccumulation
potential). Values are assigned byplacing the product of the waste
characteristics factors into ranges of oneorder of magnitude, to a cap of 10* (10ia

if bioaccumulation potential is
considered).Section 2.4.3.1 Factor categoryvalue. Explains how to use Table 2—7 toassign a value to waste characteristicswhen bioaccumulation (or ecosystembioaccumulation) potential is notconsidered.Section 2.4.33 Factor categoryvalue, considering bioaccumulation
potential Explains how to use Table 2-7to assign a value to waste
characteristics when bioaccumulation(or ecosystem bioaccumulation)potential is considered.

Section 2.5 Targets. Explains how
targets factors are evaluated. Thisapproach generally involves three levels
of evaluation (Level I, Level II, andPotential) and the use of media-specificconcentration benchmarks, as discussed
in section UI H of this preamble. LevelHI has been dropped; use of benchmarks
has been extended to all pathways and

to factors that assign values to the
nearest individual (well/intake). Alsodiscusses assigning level based on
direct observation and describes when
tissue samples that do not establish
actual contamination may be used in
comparisons to benchmarks.

Section 2.S. I Determination of le vel
of actual contamination at a sampling
location. Explains the approach used for
evaluating the level of actual
contamination at a sampling location;
changes have been made to allow the
level of actual contamination in the
human food chain threat to be based on
tissue samples from aquatic food chainorganisms that cannot be used toestablish an observed release.

Section 2JL? Comparison to
benchmarks. Lists benchmarks and
benchmarks have been equalled orexceeded (see section III H of thispreamble); changes have been made to
allow the level of actual contamination
in the human food chain threat to be
based on tissue samples from aquatic
food chain organisms that cannot be
used to establish an observed release.
Section 3 Ground Water Migration
Pathway

The ground water migration pathway
evaluates threats resulting from releases
or potential releases of hazardous
substances to aquifers. The major
changes specific only to this pathwayinclude replacement of the depth toaquifer/hydraulic conductivity andsorptive capacity factors with travel
time and depth to aquifer factors; a
revised approach for assigning mobility
values; removal of the ground water usefactors and their replacement by a
resources factor, evaluation of the
nearest well factor based on
benchmarks; and revisions to scoring of
sites having both karst and non-karst
aquifers present.

Section 3M Ground Water Migration
Pathway. Descriptive text has been
removed. Figure 3-1 has been revised to
reflect revisions to the factorsevaluated, and Table 3-1 has been
revised to reflect the new factor
category values throughout.

Section 3.0.1 General
considerations. The title has been
changed.
Section 3,0.1.1 Ground water target

distance limit An explanation of the
treatment of contaminated ground water
plumes with no identified source has
,been added. For these plumes,
measurement of the target distance limit
begins at the center of the area of
observed ground water contamination:
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the center is determined based on
available data.Section 3.0.1.2 Aquifer boundaries.Descriptive text has been removed.

Section 3.0.1.2.1 Aquifer
interconnections. Descriptive text hasbeen removed as have examples of
information useful for identifying aquifer
interconnections.Section 3.0.1.2.2 Aquifer
discontinuities. Descriptive text has
been removed.Section 3.0.1.3 Karst aquifer.Descriptive text has been removed, and
references to factors have been revisedto reflect changes in factors. Text was
added to clarify that karst aquifers
underlying any portion of the sources ata site are given special consideration.Section 3.1 Likelihood of release.
Descriptive text has been removed.Section 3.1.1 Observed release.
Description of the criteria forestablishing an observed release has
been revised as discussed in Section III
G of this preamble.Section 3.1.2 Potential to release.
Text has been revised to reflect changes
in the factors evaluated and to clarify
that karst aquifers underlying anyportion of the sources at a site are given
special consideration in evaluating
depth to aquifer and travel time.Section 3.1.2.1 Containment."Explanatory"text'nas'oeen removed anci
the ground water containment table is
referenced. Only sources that meet theminimum size requirement (i.e., that
have a source hazardous waste quantityvalue of 0.5 or higher) are used in
assigning containment factor values.This requirement has been added to
ensure that very small, uncontained
sources do not unduly influence thescore. For example, a site might have a
large, but highly contained source and a
very small, uncontained source; withouta minimum size requirement, potentialto release could be assigned the
maximum value based on the very small
source, which could overestimate thepotential hazard posed by the site. If nosource meets the minimum size
requirement, the highest ground watercontainment factor value assigned to the
sources at the site is used as the factor
value. Table 3-2—Containment Factor
Values for Ground Water Migration
Pathway, has been simplified by
combining repetitious items and has
been moved from an attachment to the
proposed rule into the body of the rule.

Section 3.1.2.2 Net precipitation. A
new map has been added as Figure 3-2
to assign net precipitation factor values.
The equation for calculating monthly
potential evapotranspiration was
clarified. Descriptive text has beenremoved.

Section 3.1.2.3 Depth to aquifer. Asdescribed in section III L of thispreamble, the depth to aquifer factor hasreplaced the sorptive capacity factor
and is no longer combined in a matrix
with hydraulic conductivity for scoring.
Table 3-5 is new and provides the factorvalues. The depth to aquifer factorreflects the geochemical retardationcapacity of the subsurface materials,which generally increases as the depth
increases. Depth to aquifer factor values
are assigned to three depth ranges.
Clarifying language was added relatedto karst aquifers.Section 3.1.2.4 Travel time. As
discussed in section III L of thispreamble, this factor replaces the depthto aquifer/hydraulic conductivity factorand is based on the least conductive
layer(s) rather than on the conductivitiesof all layers between the hazardous
substances and the aquifer. Table 3-7
has been revised to reflect thesechanges. Table 3-5 from the proposed
rule has been renumbered as Table 3-6.Text on how to obtain information to
score this factor has been removed.
Clarifying language was added related
to karst aquifers.Section 3,1.2.5 Calculation of
potential to release factor value. Texthas been revised to reflect new factor
names.Sect'ion 3.1.3 Calculation oj
likelihood of release factor category
value. New maximum value of 550
based on observed release has beenadded.Section 3.2 Waste characteristics.
Descriptive text has been removed.Section 3.2.1 Toxicity/'mobility.
Descriptive text has been removed.Section 3.2.1.1 Toxicity. ReferencesS 2.4.1.1.

Section 3.2.1.2 Mobility. As
discussed in sections III F and III P ofthis preamble, the method for assigning
mobility values to hazardous substanceshas been revised. Table 3-8 has been
revised. Mobility values are now linear
rather than categorical place holdersand are assigned in a matrix combining
water solubility and distributioncoefficients. Mobility values may nowvary by aquifer for a specific hazardous
substance. The maximum mobility valueis no longer assigned based on observed
release by direct observation. A factor
value of 0 is no longer assigned for
mobility, as had been the case under the
proposed rule, where categorical place-holder values were used; because
mobility is now multiplied by toxicity
and hazardous waste quantity, assigning
a 0 value would result in a pathway
score of 0. This result could understatethe risk posed by a site with a large
volume of highly toxic hazardous

substances with low mobility.
Furthermore, given the uncertainties
about estimates of mobility in ground
water and their applicability in site-
specific situations, EPA determined that
a 0 value should not be assigned to the
mobility factor under any conditions.

Section 3.2.1.3 Calculation of
toxicity/mobility factor value. Text has
been simplified. Table 3-0 (proposed
rule Table 3-10), the matrix for assigning
factor values, has been revised to reflect
the linear nature of the assigned values.
Values for a specific hazardous
substance may now vary by aquifer.

Section 33.2 Hazardous wastequantity. References I 2.4.2.
Section 33.3 Calculation of wastecharacteristics factor category value.Text has been revised to indicate themultiplication of the factors, the new

maximum value, and the table used to
assign the factor category value.

Section 3.3 Targets. Text has beenrevised to reflect the new names for
factors. Descriptive text has been
removed. Table 3-10 (Table 3-12 in the
proposed rule) has been modified to list
the revised benchmarks in this pathway.
Section 3.3.1 Nearest well. Title has

been changed from maximally exposed
individual. Text has been added toexplain how to evaluate nearest wells
with. dnruunenJeji contamination (at
Level I and II) and those potentially
contaminated. Text was added to assign
Level II contamination to any drinking
water well where an observed release
was established by direct observation.This section also explains how toevaluate wells drawing from karst
aquifers. Table 3-11 has been renamed
and the factor values have been
changed. See section III B of this
preamble for a discussion of the changes
to assigned values for this factor.
Section 3.3.2 Population. As

discussed* in section III H, population is
evaluated using health-based
benchmarks for drinking water. For
populations potentially exposed,
population ranges are used to evaluate
the factor. This section explains whom
to count for population. Populations
served by wells whose water is blended
with that from other drinking water
sources are to be apportioned based on
the well's relative contribution to the
total blended system. The rule includes
instructions on the type of data to usewhen determining relative contributions
of wells and intakes. This change is
intended to reflect more accurately the
exposure to populations throughblended systems. The rule also includes' instructions on how to apportion
population for systems with standby
wells or standby surface water intakes.
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Section 3,3.2. J Level of

contamination. Explain* how to
evaluate population based on
concentration* of hazardous substances
in samples. Text was added to assign
Level II contamination to any drinking
water wells where there is an observed
release by direct observation.Section 3.3.2.2 Level I
concentrations. Explains how to
evaluate populations exposed to Level I
concentrations. The scoring cap waseliminated, and the multiplier (i.e.,weight) is now 10.

Section 3.3.2.3 Level II
concentrations. Explains how to
evaluate populations exposed to Level IIconcentrations. The scoring cap was
eliminated, and the multiplier (I.e..
weight) is now 1.Section 3.3.2.4 Potential
contamination. Explains how to assignvalues to populations potentially
exposed lo contamination from fhe site.The formula for calculating population
values has been modified to reflect boththe revised method for evaluating karst
aquifers (see below) and the use of
distance-weighted population values
from Table 3-12. which has been added
to assign distance-weighted values for
populations in each distance category.
The values are determined for each
distance category and are then added
across distance categories, and the sum
Is divided by 10 to derive the factor
value for potentially contaminated
population. The assigned values In
Table 3-12 were determined by
statistical simulation to yield the same
population value, on average, as the use
of the formulas in the proposed rule. The
use or range values has been adopted as
pert of the simplification discussed in
section III A. The roundlng rules have
also changed. The method for evaluating
karsl aquifers has been simplified and Is
explained in this section. Table 3-14 in
the proposed rule, which included
dilution weighting factors for the general
cn»e and for two special cases, has been
removed, and the two special karst
cases are no longer evaluated. (The
generally applicable dilution factors for
karsl have not changed and are all
incorporated into the distance-weighted
population values in Table 3-12.) The
scoring cap was eliminated, and the
multiplier (I.e.. weight) is now 0.1.
Snction 3.3.2.5 Calculation of

population factor value. Has been
revised to reflect the changes In the
evaluation of actually contaminated
wells. The roundlng rule has also been
changed, and the scoring cap wai
el iminated.

Suction 3.3.3 nntourcim. Dnscrlbnn
how points are assigned to resource
unn» of ground water. Point* mny be
S-OJIW

assigned if there are no drinking waterwells within the target distance limit,
but the water it usable for drinkingwater. This scoring allows for
consideration of potential future uses ofthe aquifers. (See section III I of thispreamble for a discussion of the relative
weighting of these factors.)Section 3.3.4 Wellhead protection
area. Explains how to assign values tothis factor. The maximum value isassigned when a source or an observed
release lies partially or fully within a
wellhead protection area applicable to
the aquifer being evaluated, and thisvalue has been changed from 50 to 20 toadjust for scale changes. A newcriterion for scoring this factor has beenadded. If a wellhead protection areaapplicable to the aquifer being
evaluated is within the target distancelimit and neither of the other conditions
is met, a value of five Is assigned. Thischange allows the HRS to place a value
on the resource.Section 3.3.5 Calculation of targets
factor category value. Has been revisedto reflect changes In the factor names.The rounding rule has been changed,and the scoring cap was eliminated.Section 3.4 Ground water migrationscore for an aquifer. Text has been
revised to reflect the new divisor fornormalizing pathway scores.Section 3.S Calculation of ground
water migration pathway score. Text
has been simplified.In addition to the above noted
changes, the sorptive capacity factor has
been eliminated and replaced by the
depth to aquifer factor, as have the
tables used to assign values to this
factor (Tables 3-6 and 3-7 in the
proposed rule). The ground water use
factors have also been eliminated as
have the tables used to assign their
values (Tables 3-15 and 3-16 in the
proposed rule). Figures 3-2. 3-3, and 3-4
and Tables 3-4. 3-6. 3-9. 3-13 of the
proposed rule have been removed .
Section 4 Surface Water Migration
Pathway

The surface water migration pathway
evaluates threats resulting from releases
or potential releases of hazardous
substances to surface water bodies. One
major change to this pathway is the
addition of a new component for scoring
ground water discharge to surface
water: either this component or the
overland flow/flood migration
component or both may be scored. For
each component, three threats arc
evaluated: drinking water threat, human
food chain threat, and environmental
Ihrnnl. Olhnr mnfor chimgos specific to
this pathway Include elimination of the
recreational use threat: ilmplification of
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overland flow potential to release
factors; modifications to the human food
chain threat including addition of a food
chain individual: modifications to the
treatment of bioaccumulation potential
and addition of a similar factor,
ecosystem bioaccumulation potential, to
the evaluation of the environmental
threat: modifications to the persistence
factor, revisions to the dilution weights:
additions of benchmarks, extension of
benchmarks to evaluation of the nearest
intake, and addition of levels of
contamination to the human food chr.in
targets: modifications to criteria for
establishing actual food chain
contamination: elimination of the
surface water use factor, addition of a
resources factor to the targets
evaluation in the drinking water threat:
and revisions to sensitive environments.

Section 4.0 Surface Water Migration
T'o'fWoy.'Kew structure oVfne pathway
is explained. Descriptive text has been
removed. Figure 4-1 has been revised to
reflect revisions to the factors
evaluated, and Table 4-1 has been
revised to reflect the new factor
category values throughout.

Section 4.0.1 Migration components.
Explains how to score the two migration
components.

Section 4.0.2 Surface water
categories. A definition of coastal tidal
waters has been added. Some surface
water bodies that belong in this new
category were listed in other categories
in the proposed rule (e.g.. bays and .
wetlands contiguous with oceans).
Isolated perennial wetlands have been
added to the definition of lakes: salt
water harbors largely protected by
seawalls have been removed from the
definition of lakes. Ocean has been
defined more precisely as areas
seaward from the baseline of the
Territorial Sea. Contiguous bays have
been removed from, and wetlands
contiguous to the Great Lakes have been
added to ocean and ocean-like bodies.
These definitional changes/
clarifications more accurately reflect the
different characteristics of the water
bodies.

Section 4.1 Overland flow/flood
migration component. As discussed in
section III M of this preamble, the
surface water migration pathway has
been divided Into two components. The
overland flow/flood component is
essentially the surface water migriition
pathway as proposed except Ihiit the
recreational use threat has been
el iminated.

Section -I. J. J Cfinnral
considerations. Consists of icvcrul
subsect ions.
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Section 4.1.1.1 Definition of the

hazardous substance migration path for
overland flow/flood migrationcomponent. Text has been simplified.

Section 4.1.1.2 Target distance limit.
Explains target distance limits for sites
in general and adds an explanation of
how to calculate the target distancelimit for contaminated sediments with
no identified source. For these lattersources only, when there is a clearly
defined direction of flow, the target
distance limit is measured beginning atthe observed sediment contaminationfarthest upstream; when there is no
clearly defined direction of flow, thetarget distance limit is measured from
the center of the area of observedsediment contamination. Discusses the
determination of whether surface watertargets are subject to actual or potential
contamination. Also, text was added to
assign Level II to targets subject to
actual contamination based on direct
observation.

Section 4.1.1.3 Evaluation of the
overland flow/flood migration
component. Explains that for multiple
watersheds, highest score assigned to a
watershed is used instead of summingwatershed scores as proposed,

Section 4.1.2 Drinking water threat.
Descriptive text has been removed.

Section 4.1.2.1 Drinking water
threat—likelihood of release. Text has
been simplified to clarify when potential
to release factors need to be evaluated.

Section 4.1.2.1.1 Observed release.
Text has been revised to reflect the
changed maximum value.Section 4.1.2.1.2 Potential to release.Text has been revised to reflect the
changed maximum value and has been
simplified.

Section 4.1.2.1.2.1 Potential to
release by overland flow. Explains
when overland flow potential to release
is not evajuated. •

Section4.1.2.1.2.1.1 Containment.
Text has been revised to reflect changes
in the numbering of the containmenttable. Only sources that meet the
minimum size requirement (i.e., that
have a source hazardous waste quantity
value of 0.5 or higher) are used in
assigning containment values. This
requirement has been added to ensure
that very small, uncontained sources do
not unduly influence the score. For
example, a site might have a large, but
highly contained source and a very
small, uncontained source; without a
minimum size requirement, the potential
to release could be assigned the
maximum value based on the very small
source, which could overestimate the
potential hazard posed by the site. If no
source meets the minimum size
requirement, the source with the highest

surface water containment factor valueis used. Descriptive text has been
removed. Table 4-2, Containment FactorValues for Surface Water Migration
Pathway, has been simplified by
combining repetitious items and hasbeen moved from an attachment to the
proposed rule into this section of the
final rule.
Section 4.1.2.1.2.1.2 Runoff. Text on

evaluating rainfall has been simplified
by removing explanatory references.
The runoff curve number has beensimplified by substituting a soil groupdesignation in its place. Table 4-4
(proposed rule Table 4-2) has been
revised to list only the soil groupdesignations. Based on analyses ofrunoff and actual drainage area sizes.
Table 4-3 (proposed rule Table 4-3) has
been revised by changing the divisions
of drainage area size. Table 4-5
(proposed rule Table 4-4) has been
revised to reflect the changes related to
the use of soil group designations. Table
4-6 (proposed rule Table 4-5) has been
revised so that the heading in the table
reads Rainfall/Runoff Value; the valuesassigned have been adjusted on the
basis of both the higher maximum value
assigned to the factor category and the
analyses described above. Explanatory
text has been removed.
Section 4.1.2.1.2.1.3 Distance to

surface water. Values assigned to
distance to surface water factor values
in Table 4-7 (proposed rule Table 4-6)
have been revised to adjust for the
higher maximum assigned to the factor
category.

Section 4.1.2.1.2.1.4 Calculation of
the factor value for potential to release
by overland flow. Has not been changed
except for'assigned value.

Section 4.1.2.1.2.2 Potential to
release by flood. Descriptive text has
been removed.

Section 4.1.2.1.2.2.1 Containment
(flood). Text in Table 4-fl (proposed ruleTable 4-7) has been revised to
incorporate new language on required
documentation on containment. The
requirement for certification by an
engineer has been dropped. The new
documentation requirements have beenadded to make the rule consistent with
RCRA requirements.

Section 4,1.2.1.2.2.2 Flood frequency.
Values assigned to this factor by Table
4-9 (proposed rule Table 4-8) have been
revised to better reflect probabilities
and to adjust for the higher maximum
assigned to the factor category.
Descriptive text has been removed.

Section 4.1.2.1.2.2.3 Calculation of
the factor value for potential to release
by flood. Has been revised to reflect a
minimum size requirement for sources.

Section 4.1.2.1.2.3 Calculation of
potential to release factor value. Text
has been simplified, and the assigned
value has been changed.

Section 4.1.2.1.3 Calculation of
drinking water threat—likelihood of
release factor category value. Text has
been simplified. The maximum value
has been changed, and the maximum for
potential to release is no longer equal to
the maximum for observed release.
Section 4.1.2.2 Drinking water

threat—waste characteristics.
Descriptive text has been removed.

Section 4.1.2.2.1 Toxicity/
persistence. Editorial changes have been' made.

Section 4.1.2.2.1.1 Toxicity.References § 2.4.1.1.
Section 4.1.2.2.1.2 Persistence. As

discussed in section III F of this
preamble, several changes have been
made to this factor, including the
deletion of free-radical oxidation as a
decay process and the inclusion of
consideration of Kow to account forsorption to sediments. Table 4-10
(proposed rule Table 4-8) has been
revised to change the values assigned
from categorical numbers to linear
scales. The divisions among the half-
lives for rivers, oceans, coastal tidal
waters, and Great Lakes have changed
based on a study of travel time, and the
text has been modified to clarify the
procedure for determining whether to
base the persistence factor on lakes or
on rivers, oceans, coastal tidal waters,
and Great Lakes. A factor value of 0 is
no longer assigned for persistence, as
had been the case under the proposed
rule, where categorical place-holder
values were used; because persistence isnow multiplied by toxicity and
hazardous waste quantity, assigning a 0
value would result in a pathway score of
0. This result could understate the risk
posed by a site with a large volume of
highly toxic hazardous substances with
low persistence. Furthermore, given the
uncertainties about half-life estimatesand their applicability in site-specific
situations, EPA determined that a 0
value should not be assigned to the
persistence factor under any conditions.
The text has been modified to clarify
selection of an appropriate default
value. Table 4-11—Persistence Values—
Log KM,, has been added. Descriptive
text has been removed.

Section 4.1.2.2.1.3 Calculation of
toxicity/persistence factor value. Table
reference has been changed to reflect
the change in numbering. Table 4-12

. (proposed rule Table 4-10) has been
changed to reflect the multiplicative
relationship.
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Section 4.1.2.2.2 Hazardous waste

quantity. Reference! f 2.4.2.
Section 4.1.2.2.3 Calculation of

drinking water threat—waste
characteristics factor category value.Text hat been revised to indicate themultiplication of the factors, the new
maximum value, and the table used toassign the factor category value.

Section 4.1.2.3 Drinking waterthreat—targets. Descriptive text has
been removed. Text was added to
assign Level II to actual contamination
based en. direct observation.

Section 4.1.2.3.1 Nearest intake. Title
and the factor name have been changed.As discussed in Section HI B of thispreamble, this factor is now assignedvalues based on health-basedbenchmarks. Instruction! for how toassign dilution weights to closed lake*
and lakes with no surface flow entering
have been added. Table 4-13. Surface
Water Dilution Weights (proposed rule
Table 4-11). has been revised to add
more types of surface water bodies and
to change the dilution weights. These
changes have been made to reflect more
accurately the flow ranges of water
bodies and are based on analysis of
dala on flow rates and dilution.
Section 4.1.2.3.2 Population. As

explained above, population is
evaluated based on two levels of actual
contamination. Targets potentially
contaminated are dilution weighted and
are assigned values based on ranges.
Populations served by intakes which areblended with water from other drinking
waler sources are to be apportioned
based on the intake's relative
contribution to the total blended system.
The rule includes instructions on the
type of data to use when determining
relative contributions of intakes and
wells. This change is intended to reflect
more accurately the exposure of
populations through blended system*.
The rule also includes Instructions on
how to apportion population for systems
with standby wells or standby surface
wHlcr intakes.
Section 4.1.2.3.2.1 Level of

contamination. Explains how to
evaluate population based on the level
of contamination to which they are
exposed.

Suction 4.1.2.3.2.2 Level t
concentrations. Descriptive text has
been removed. The scoring cap was
eliminated, and the multiplier (i.e..
weight) is now 10.
Section 4.1.2.3.2.3 Level I!

concentrations. Text has been simplified
nnd revised In reflect the change*
discussed above. The scoring cap WHS
eliminated, and the multiplier (I.e.,weight) is now 1.
S-05IW) 004<XOIxn- r >F .C-90- l l : l6 52;

Section 4.1.2.3.2.4 Potentialcontamination. Equation used to
calculate this factor has been revised asdiscussed above. A new table, Table 4-14. Dilution-Weighted Population Valuesfor Potential Contamination Factor forSurface Water Migration Pathway, hasbeen added to assign values, which arethen added across different surfacewater body types and divided by 10 to
derive the value for potentiallycontaminated population. The assigned
values in Table 4-14 for each populationrange category were determined bystatistical simulation to yield the samepopulation value, on average, as the useof the formulas in the proposed rule. Theuse of range values has been added aspart of the simplification discussed in
section III A. The founding rule has alsobeen changed, the scoring cap was
eliminated, and the multiplier (i.e..
weight) is now 0.1.Section 4.1.2.3.2.5 Calculation of
population factor value. Explains how to
combine values assigned to the threepopulation groups. The roundlng rulehas also been changed, and the scoringcap was eliminated.Section 4.1.2.3.3 Resources. Asdiscussed in section III I of this
preamble, this factor has been added toaccount for the potential impact ofsurface water contamination on
resource uses.

Section 4.1.2.3.4 Calculation ofdrinking water threat—targets factor
category value. Has been revised to
reflect the changes in this factor
category. The rounding rule has also
been changed, and the scoring cap waseliminated.

Section 4.1.2.4 Calculation of
drinking water threat score for a
watershed. Text has been simplified.
The divisor has changed.

Section 4.1.3 Human food chain
threat. Descriptive text has been
removed.

Section 4.1.3.1 Human food chain
threat—likelihood of relense. Section
references have been changed.

Section 4.1.3.2 Human food chain
threat—waste characteristics. Text has
been simplified.

Section 4.1.3.2.1 Toxicity/
persistence/bioaccumulation. Text has
been simplified and modified because ofthe change In the use of
bloaccumulation potential in selecting
the substance potentially posing the
greatest hazard.

Section 4.1.3.2.1.1 Toxicity. Has been
changed to reference 1 2.4.1.1. Also
changed so thai evaluation of toxicity is
not limited to substances with the
highest bloHccumulotlon potential.

Section 4.1.3.2.1.2 Persistonr.n.
Clurlfldi how to nvniuiitc persistence for

F4701.FMT.. . [ 16,30|. . .7-08-88

contaminated sediment sources, and
adds coastal tidal waters as a category
of surface water. Also changed so thatevaluation of persistence Is not limited
to substances with the highestbioaccumulation potential.

Section 4.1.3.2.1.3 Bioaccumulation
potential. As described in section HI M
of this preamble, the method of
accounting for bioaccumulation
potential in the selection of the
substance potentially posing the greatest
hazard has been changed. In the final
rule, bioaccumulation potential is
considered together with toxicity and
persistence rather than as a primary
selection criterion. This change wasmade because all three factors are now
scored on linear scales. In addition,where data exist, separate
bioconcentration factor values are
assigned for salt water and fresh water;
the text now clarifies that the higher of
these values is used for fisheries in
brackish water and for sites with
fisheries present in both salt water and
fresh water. The adjustment for
biomagnification has been dropped
because it tended to double count
bloaccumulalion. Both Table 4-15 (Table4-14 in the proposed rule) and the text
have been modified to clarify the data
hierarchy for assigning bioaccumulation
potential factor values. Also. Table 4-15
now makes it clear that the assigned
values for bioaccumulation potential are
on a linear scale.

Section 4.1.3.2.1.4 Calculation of
toxicity'/persistence/bioaccumulation
factor value. Explains how to calculate
a toxicity/persistence/bioaccumulation
value. Table 4-18. Toxicity/Persistence/
Bioaccumulation, has been added to
assign the factor value.

Section 4.1.3.2.2 Hazardous waste
quantity. References { 4.1.2.2.2.

Section 4.1.3.2.3 Calculation of
human food chain threat—waste
characteristics factor category value.
Text has been revised to indicate the
multiplication of (he toxicity/persistence
and hazardous waste quantity factor
values, subject to a maximum, and the
further multiplication of that product by
the bioaccumulation potential factorvalue, subject to a maximum for this
second product, and to reference the
table for assigning the factor category
value.

Section 4.1.3.3 Human food chain
threat—targets. Has been revised to
reflect addition of the new food chain
Individual and the deletion of the fishery
use factor. As discussed In section III M
of this preamble, criteria for establishing
u fishery subject to actual
contamination have been revised. Text
wns nddnd to describe the yddlllomil
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tissue samples that can be used to
establish Level I contamination.

Section 4.1.3.3.1 Food chain
individual. As discussed in section III Mof this preamble, this factor is new. This
section explains how to assign a value
to the factor.
Section 4.1.3.3.2 Population. Has

been changed as discussed in section IIIM of this preamble.
Section 4.1.3.3.2.1 Level I

concentrations. The approach tocalculating this factor value has beenrevised as discussed in section III M of
this preamble. The founding rule has
been changed, the scoring cap was
eliminated, and the multiplier (i.e..weight) is now 10.

Section 4.1.3.3.2.2 Level II
concentrations. Explains how to assignvalues as discussed in section in M of
this preamble. The founding rule has
been changed, the scoring cap was
eliminated, and the multiplier (i.e.,
weight) is now 1.
Section 4.1.3.3.2.3 Potential human

food chain contamination. The approach
lo calculating this factor value has been
revised as discussed in section III M of
this preamble. The rounding rule has
been changed, the scoring cap was
eliminated, and the multiplier (i.e.,weight) is now 0.1.

Section 4.1.3.3.2.4 Calculation of the
population factor value. Text has been
revised to omit the maximum. The
rounding rule has been changed, and the
scoring cap was eliminated.

Section 4.1.3.3.3 Calculation of
human food chain threat—targets factorcategory value. Explains how to
calculate the targets value. The roundingrule has been changed, and the scoringcap was eliminated.

Section 4.1.3.4 Calculation of human
food chain threat score for a watershed.
Text has been-simplified. The divisorhas changed.

Section 4.1.4 Environmental threat.Descriptive text has been removed.Section 4.1.4.1 Environmental
threat—likelihood of release. Sectionreferences have been changed.Section 4.1.4.2 Environmental
threat—waste characteristics.Descriptive text has been removed.
Section 4.1.4.2.1 Ecosystem toxicity/

persistence/bioaccumulation. Text has
been revised to include the addition of
ecosystem bioaccumulation potential as
a multiplicative factor.

Section 4.1.4.2.1.1 Ecosystem
toxicity. The approach for evaluating
ecosystem toxicity has been revised.
Additions have been made to the datahierarchy (see section III J of this
preamble), and a default value of 100
was added to cover the situation where
appropriate aquatic toxicity data were

unavailable for all of the substancesbeing evaluated. Table 4-19 (proposed
rule Table 4-23) has been revised tomake the factor linear and to eliminatethe rating category of 0 (except when
data are unavailable for a given
substance); these changes make theecosystem toxicity factor more
consistent with the toxicity factor in the
other pathways and threats. Text was
added to clarify the evaluation ofecosystem toxicity for brackish water.Section 4.1.4.2.1.2 Persistence.
Section references have been changed.Clarifies how to evaluate persistence forcontaminated sediment sources, and
adds coastal tidal waters as a category
of surface water.Section 4.1.4.2.1.3 Ecosystembioaccumulation potential. As explained
in section III J of this preamble, this
factor is new for this threat and is
evaluated similarly to (but with several
key differences from) thebioaccumulation potential factor in the
human food chain threat.

Section 4.1.4.2.1.4 Calculation of
ecosystem toxicity/'persistence/
bioaccumulation factor value. Section
references have been changed. Table 4-
20 (proposed rule Table 4-24) has been
changed to reflect the changes in the
values for the factors. Table 4-21,
Ecosystem Toxicity/Persistence/
Bioaccumulation Values, is new and
assigns values for the combined
toxicity/persistence/bioaccumulation
factor.

Section 4.1.4.2.2 Hazardous waste
quantity. Section references have been
changed.

Section 4.1.4.2.3 Calculation of
environmental threat—waste
characteristics factor category value.Text has been revised to indicate themultiplication of the ecosystem toxicity/
persistence and hazardous waste
quantity factor values, subject to a
maximum, and the further multiplicationof that product by the ecosystem
bioaccumulation potential factor value,subject to a maximum for this second
product, and to reference the table for
assigning the factor category value.Section 4.1.4.3 Environmental
threat—targets. Descriptive text has
been removed.

Section 4.1.4.3.1 Sensitive
environments. Explains how to evaluate
sensitive environments. Table 4-22.Ecological-Based Benchmarks for
Hazardous Substances in Surface
.Water, has been revised as described in
section III H of this preamble. The
rounding rule has also been changed.

Section 4.1.4.3.1.1 Level I
concentrations. Explains the new
method of evaluating wetlands based on
wetland frontage, or, in some situations.

wetland perimeter. Table 4-23, Sensitive
Environments Rating Values, has been
revised as discussed in section III ] of
this preamble. Table 4-24. Wetlands
Rating Values for Surface Water
Migration Pathway, has been added to
assign values to wetlands based on the
total length of wetlands. The scoring cap
was eliminated, and the multiplier (i.e.,weight) is now 10.

Section 4.1.4.3.1.2 Level 11
concentrations. Has been revised toreflect the method of evaluating
wetlands. The scoring cap was
eliminated, and the multiplier (i.e.,weight) is now 1.

Section 4.1.4.3.1.3 Potential
contamination. Has been revised toreflect the method of evaluatingwetlands. The rounding rule has also
been changed, the scoring cap was
eliminated, and the multiplier (i.e.,weight) is now 0.1.
Section 4.1.4.3.1.4 Calculation of

environmental threat—targets factor
category value. Has been revised to
remove the maximum from the targets
factor category. The rounding rule hasalso been changed.
Section 4.1.4.4 Calculation of

environmental threat score for a
watershed. Divisor for the threat has
changed. A cap of 60 was explicitly
placed on the environmental threat
score, which results in the same
maximum possible threat score as in the
proposed rule. (In the proposed rule,
environmental threat targets were
capped at 120. which resulted in an
environmental threat score maximum of
60.) However, in the final rule the targetscategory is uncapped and can score
higher than 120 to compensate for low
scores in other factor categories.

Section 4.1.5 Calculation of overland
flow/flood migration component score
for a watershed. Explains how to
calculate the score for the watershed.

Section 4.1.6 Calculation of overland
flow/flood migration component score.
Explains how to calculate the score for
the component based on the highest
watershed score (in the proposed rule
watershed scores were summed).

Section 4.2 Ground water to surface
water migration component. As
discussed in section III M of this
preamble, this component has beenadded to the rule to account for
contamination of surface water bodieb
through ground water migration of
hazardous substances. Thus, all sectionsreferring to this component are new.

Section 4.2.1 General
considerations.

„• Section 4.2.1.1 Eligible surface
'waters. Explains the conditions thatmust apply before this component is
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scored. In general, this component is
scored only when there is a surface
water within one mile of a source, the
top of the uppermost aquifer is at orabove the bottom of the surface water,
and no aquifer discontinuity is
established between the source and the
portion of surface water within one mile
of the source. Exceptions are also
explained.

Section 4.2.1.2 Definition of the
baxajyJt»a.vihstnnfia. misgnlinn. yitb. f/v.
ground water to surface water migrationcomponent Explains that the migration
path is defined as shortest straight-line
distance, within the aquifer boundary,
from a source to surface water.

Section 4.2.1.3 Observed release of aspecific hazardous subsumes to surfacewater in-water segment Explains that
before an observed release of an
individual hazardous substance can beestablished to the surface water in-
water segment, the substance must meet
the criteria for an observed release both
to ground water and to surface water
(this requirement does not affect the
actual scoring of observed release). Also
clarifies the use of samples from thesurface water in-water segment.

Section 4.2.1.4 Target distance limit.Explains the criteria for determining the
target distance limit and for establishing
whether targets are subject to actual or
potential contamination.
Section 4,2.1.5 Evaluation of theground water to surface water migration

component. Explains the general
approach for evaluating this component.Figure 4-2, Overview of Ground Waterto Surface Water Migration Component,
is new. Table 4-25, which is new,
provides the scoring sheets for this
component.

Section 4.2.2 Drinking water threat.
Explains the general approach for
evaluating this threat.

Section 4.23.1 Drinking water
threat—likelihood of release. Explains
the general approach for evaluating this
factor category.

Section 4.2.2.1.1 Obsen'ed release.
Explains that scoring an observed
release is based on releases to ground
water.
Section 4.2.2.1.2 Potential to release.

Explains that scoring is based on the
scoring of potential release to uppermost
aquifer.

Section 4.2.2.1.3 Calculation of
drinking water threat—likelihood of
release factor category value. Explains
how to assign the factor category value.
Section 4.233 Drinking water

threat—waste characteristics. Explains
the general approach for evaluating thisfactor category.

Section 4333.1 Toxicity/mobility/
persistence. Explains the approach for
evaluating these factors.

Section 4.2.23.1.1 Tox/city. Explains
that toxicity values are assigned to all
hazardous substances available to
migrate to ground water.

Section 4.2.23.1.2 Mobility. Explains
that the mobility value is assigned to all
hazardous substances available to
migrate to ground water.

SartJnn 4.233.1.3 Persistence,
Explains that this factor value is
assigned as in the drinking water threat
for the overland flow/flood migrationcomponent for all hazardous substances
available to migrate to ground water.

Section 4.2.Z2.1.4 Calculation oftoxicity/mobility/persistence factor
value. Explains that the factor value is
the highest value assigned to anyhazardous substance evaluated using
Table 4-26, which is new.

Section 43.2.23 Hazardous waste
quantity. Explains that hazardous waste
quantity is calculated for hazardous
substances available to migrate to
ground water.

Section 4.233.3 Calculation of
drinking water threat—waste
characteristics factor category value.Explains how to calculate the factor
category value.

Section 4.23.3 Drinking water
threat—targets. Explains the general
approach for evaluating this factor
category.

Section 4.23.3.1 Nearest intake.
Explains how to determine the dilution
weight adjustment using Table 4-27,which was added, and how to assign
factor values. Figure 4-3 was added to
illustrate determination of the ground
water to surface water angle. (Seesection III O of this preamble for a
discussion of this adjustment.)
Section 4.23.33 Population. This

section parallels other population factor
sections.

Section 433.33.1 Level I
concentrations. Parallels the populationfactor sections in the overland flow/
flood migration component.
Section 433.3.2.2 Level II

concentrations. Parallels the populationfactor sections in the overland flow/
flood migration component.

Section 43.2.33.3 Potential
contamination. Parallels the population
factor sections in the overland flow/
flood migration component, except for
addition of the dilution weight
adjustment.
Section 433.33.4 Calculation of

population factor value. Parallels other
population factor sections.

Section 4.2.2.3.3 Resources. Parallelsother resources factor sections.

Section 433.3.4 Calculation of the
drinking water threat — targets factor
category value. Explains how to
calculate the factor category v&lue.

Section 43.2.4 Calculation of
drinking water threat score for a
watershed. Explains how to calculate
the score for a watershed.

Section 43.3 Human food chain
threat. Lists the factors evaluated.

Section 433. 1 Human food chain
how to assign the factor category value.

Section 4333 Human food chain
threat — waste characteristics. Lists thefactors evaluated.

Section 43.33.1 Toxicity /mobility/
peraistence/bioaccumulation. Explains
how to calculate these factor values
using Table 4-28, which is new.

Section 43.3.2.1.1 Toxicity. Explains
how to calculate this factor value.

Section 4333.13 Mobility. Explains
how to calculate this factor value.

Section 4.2.3.2.1.3 Persistence.
Explains how to calculate this factor
value.

Section 4.2.3.2.1.1 Bioaccumulction
potential. Explains how to calculate this
factor value.

Section 43.33.1.5 Calculation of
toxicity /mobility /persistence/
bioaccumulation factor value. Explains
how to calculate this value using Tables
3-9, 4-26, and 4-28.

Section 4.2.3.23 Hazardous waste
quantity. Explains how to assign the
factor value.

Section 43.33.3 Calculation of
human food chain threat — waste
characteristics factor category value.
Explains how to calculate this factor
category value.

Section 43.3.3 Human food chain
threat — targets. Explains the factors tobe evaluated.

Section 43.3.3.1 Food chain
individual. Explains how to assign the
factor value.

Section 43.3.3.2 Population. Explains
how to calculate this factor value.

Section 43.3.33.1 Level I
concentrations. Parallels the populationfactor in the human food chain threat for
the overland flow/flood migration
component.

Section 43.3.3.2.2 Level II
concentrations. Parallels the population
factor in the human food chain threat for
the overland flow /flood migration
component.

Section 43.3.3.2.3 Potential human
food chain contamination. Parallels the
population factor in the human food
'chain threat for the overland flow/flood
component except for addition of the
dilution weight adjustment.
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Section 4.2.3.33.4 Calculation of thepopulation factor value. Explains how to

calculate this factor value.
Section 4.2.3.3.3 Calculation of

human food chain threat—targets factor
category value. Explains how to
calculate this factor category value.

Section 4.2.3.4 Calculation of humanfood chain threat score for a watershed.
Explains how to calculate the score for a
watershed.

Section 4.2.4 Environmental threat.
Lists the factors evaluated.Section 4.2.4.1 Environmental
threat—likelihood of release. Explains
how to calculate this factor category
value.

Section 4.2.4.2 Environmental
threat—waste characteristics. Explainshow to calculate this factor category
value.

Section 4.2.4.2.1 Ecosystem toxicity/
fnobility/persistence/bioaccumulation.
Explains how to calculate these factor
values.

Section 4.2.4.2.1.1 Ecosystem
toxicity. Explains how to calculate this
factor value.

Section 4.2.4.2.1.2 Mobility. Explains
how to calculate this factor value.Section 4.2.4.2.1.3 Persistence.
Explains how to calculate this factor
value.
Section 4.2.4.2.1.4 Ecosystem

bioaccumulation potential. Parallels the
ecosystem bioaccumulation evaluation
in the overland flow/flood component,
except expands the species consideredas discussed in section III J.

Section 4.2.4.2.1.5 Calculation of
ecosystem toxicity/mobility/
persistence/bioaccumulation factor
value. Explains how to calculate this
factor value using Tables 3-9, 4-29, and4-30,_which were added.

Section 4.2.4.2.2 Hazardous waste
quantity. Explains how to calculate this
factor value.

Section 4.2.4.2.3 Calculation of
environmental threat—waste
characteristics factor category value.
Explains how to calculate this factor
category value.

Section 4.2.4.3 Environmental
threat—targets. Explains how to
calculate this factor category value.

Section 4.2.4.3.1 Sensitive
environments. Explains how to calculate
this factor value.

Section 4.2.4.3.1.1 Level 1
concentrations. Parallels factor sections
in the overland flow/flood migrationcomponent.
Section 4.2.4.3.1.2 Level 11

concentrations. Parallels factor sections
in the overland flow/flood migration
component.

Section 4.2.4.3.1.3 Potential
contamination. Parallels factor sections

in the overland flow/flood migration
component, except for addition of the
dilution weight adjustment.

Section 43.4.3.1.4 Calculation ofenvironmental threat—targets factor
category value. Explains how tocalculate the value for the factor
category.

Section 4.2.4.4 Calculation of
environmental threat score for a
watershed. Explains how to calculate
this threat score for a watershed.

Section 4.2.5 Calculation of groundwater to surface water migration
component score for a watershed.
Explains how to calculate a watershed
score for this component.

Section 4.2.6 Calculation of groundwater to surface water migrationcomponent score. Explains how to
calculate this score based on the scores
for watersheds evaluated for this
component.
Section 4.3 Calculation of surface

water migration pathway score.
Explains how to assign the pathway
score.

In addition to the above noted
changes, the recreational use threat has
been eliminated. The drinking water use
and other use factors have also been
eliminated as have the tables (4-12 and
4-13 in the proposed rule) that related to
scoring these factors. Figures 4-1, 4-2,
and 4-3 as well as Tables 4-15, and 4-17
through 4-22 from the proposed rule
have been eliminated.
Section 5 Soil Exposure Path way

The soil exposure pathway evaluates
threats resulting from contamination of
surface material. The major changes
specific to this pathway include revision
of the name of the pathway; elimination
of children under seven as a population
that must be counted and evaluated
separately; addition of hazardous waste
quantity to the waste characteristics
factor category; inclusion of workers in
the evaluation of resident population
targets; weighting of resident population
based on benchmarks; inclusion of the
nearest individual factor in both the
resident and nearby targets factor
category; inclusion of a resources factor
in the resident population evaluation;
and revisions to the sensitive
environments factor.

• Section 5.0 Soil Exposure Pathway.
The name of the pathway has been
changed from onsite exposure to soil
exposure. Descriptive text has been
removed. Figure 5-1 has been revised to
reflect revisions to the factors
evaluated. Table 5-1 has been revised to
reflect the new factor category values
throughout, which were made more
consistent with the other pathways.

Section 5.0.1 General
considerations. Has been revised to
reflect the redefinition of source,discussed in section III N of this
preamble. The methods for establishing
areas of observed contamination and for
determining the hazardous substancesassociated with an area of observed
contamination have been clarified. The
instructions have been revised to makeclear that any part of a site that is
covered by a permanent or otherwise
maintained impermeable material suchas asphalt is not considered inevaluating the pathway.

Section S.I Resident population
threat. Has been revised to specify
when the resident population threat
should be evaluated. The requirementsstate that this threat is scored when
there is an area of observed
contamination within the property
boundary and within 200 feet of a
residence, school, day care center, or
workplace, or within the boundaries of
terrestrial sensitive environments and
specified resources.

Section 5.1.1 Likelihood of exposure.
Text has been simplified.

Section 5.1.2 Waste characteristics.
Evaluation of waste characteristics has
been changed to include hazardous
waste quantity as well as toxicity.
Hazardous waste quantity was added to
the factor category in response to
comments that the pathway did not
consider the dose relationship; the
combination of hazardous wastequantity and toxicity is a surrogate for
that relationship and makes the
pathway more consistent with the rest
of the rule. The text has been revised toreflect the change.

Section 5.1.2.1 Toxicity. References
the section explaining how to assign
toxicity factor values.

Section 5.1.2.2 Hazardous waste
quantity. This section is new and
explains how to assign a value to this
factor. Table 5-2, Hazardous Waste
Quantity Evaluation Equations for Soil
Exposure Pathway, is a revision of
Table 2-14 from the proposed rule. This
table differs from Table 2-5 of the final
rule because generally only the top two
feet of an area of observed
contamination are considered in
evaluating the pathway. Landfills,
contaminated soils, waste piles, land
treatment areas, dry surface
impoundments, and buried/backfilled
surface impoundments, which can be
evaluated based on their volume in
Table 2-5, are evaluated for this
pathway using the area measure
because the area measure now has a
two-foot depth built into the equation.
Surface impoundments containing
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hazardous substances present as liquids,
tanks, and containers may be evaluated
based on volume because it is possible
that a person could wade, swim, reach,or fall to a depth greater than two feet.

Section 5.1.2.3 Calculation of waste
characteristics factor category value.
Explains how to combine the toxicityand hazardous waste quantity factor
values, subject to the new maximum.

Section 5.1.3 Targets. This factor
category has been revised substantially.
As discussed in section III N above, the
high-risk target population has beeneliminated, and workers have been
added as targets. Table 5-3, Health-
Based Benchmarks for Hazardous
Substances in Soils, has been added to
list benchmarks appropriate for thispathway.

Section 5.1.3.1 Resident individual.
The resident individual factor has been
added for consistency with other
pathways.

Section 5.1.3.2 Resident population.Explains how to evaluate the resident
population using health-based
benchmarks, described in section III H
above, and how to estimate this
population.

Section 5.1.3.2.1 Level I
concentrations. Explains how to assign
a value for this new factor.

Section 5.1.3.2.2 Level II
concentrations. Explains how to assigna value for this new factor.

Section 5.1.3.2.3 Calculation of
resident population factor value.
Explains how to calculate this factor
value.

Section 5.1.3.3 Workers. Explains
how to evaluate workers.

Section 5.1.3.4 Resources. Explainshow to assign values if the area of
observed contamination includes landused for commercial agriculture,
commercial silviculture, or commercial
livestock grazing or production.

Section 5.1.3.5 Terrestrial sensitive
environments. The value assigned for
this factor has been revised so that the
value is based on the sum of the values
assigned to terrestrial sensitive
environments in areas of observed
contamination, rather than on the
highest scoring terrestrial sensitive
environment. The maximum value that
can be assigned to this factor is limited,
but is higher than under the proposed
rule. The limit is determined by scoring
the pathway with only sensitive
environments in the targets factor
category; the pathway score under these
conditions may not exceed 60 points.
The sensitive environments listed in
Table 5-5 have been modified. The text
has been simplified and references
changed to correspond to changes in the

rule. The founding rule has been
changed.Section 5.1.3.6 Calculation of
resident population targets factor
category value. Explains how to
calculate the factor category value from
the revised factors. The rounding rulehas been changed.

Section 5.1.4 Calculation of resident
population threat score. Has only minor
editorial changes.Section 5.2 Nearby population
threat. Introductory text has been
clarified.Section 5.2. 1 Likelihood of expos ure.
Lists the factors evaluated.Section 5.2.1.1 Attractiveness/
accessibility. As explained in section III
N of this preamble, the name of thisfactor has changed aa have the criteriaused to assign values. This factor now
emphasizes the use of the area by thegeneral public. Descriptive text has been
removed. Table 5-8 (proposed rule
Table 5-4) has been changed byredefining the criteria and the assigned
values, and by adding a value of 0 for
sites that are physically inaccessible to
the public.

Section 5.2.1.2 Area of
contamination. The title of this sectionhas been changed. This factor is now
which relates to the likelihood tif
exposure, unlike hazardous wastequantity, which serves as part of the
surrogate for dose. Values are assignedusing Table 5-7, which is new.

Section 5.2.1.3 Likelihood of
exposure factor category value. Texthas been revised to reflect the new
names of the factors. Table 5-8
(proposed rule Table 5-5) has been
revised in response to the changes noted
above for the attractiveness/
accessibility and area of contamination
factors.

Section 5.2.2 Waste characteristics.
Text has been revised to reflect changes
in the factor category.

Section 5.2.2.1 Toxicity. Explains
how to evaluate the toxicity factor for
the nearby population threat.

Section 5.2.2.2 Hazardous waste
quantity. This section is new, as is
consideration of this factor in this
threat. As discussed above, this factor
has been added in response to
comments and to make the pathway
more consistent with the other
pathways. The section explains how toassign the factor value.
Section 5.2.2.3 Calculation of waste

characteristics factor category value.
Explains how to combine the toxicity
and hazardous waste quantity factor
values, subject to the new maximum.
Section 5.2.3 Targets. Descriptive

text has been removed.

Section 5.2.3.1 Nearby individual.
This section is new and explains how to
assign a value to the nearby individual
(i.e., resident or student with shortest
travel distance) if there is no resident
individual. The factor has been added to
make the nearby threat consistent with
other pathways. Table 5-9, Nearby
Individual Factor Values, is new.

Section 5.2.3.2 Population within one
mile. This section is new and includes
the text that previously appeared under
the Targets section. The section explains
how to assign a value using Table 5-10.
The text has been revised for clarity.
Table 5-10, Distance-Weighted
Population Values for Nearby
Population Threat, is new. The tableassigns distance-weighted values forpopulation in each travel distance
category. The values in the table were
determined by statistical simulation to
yield the same population, on average,
as the use of the formulas in the
proposed rule. The distance weights
have been modified as follows: for
travel distance of >0 to V* mile, the
assigned distance weight is 0.025; for
> V* to % mile, 0.0125, and for > % to 1
mile, 0.00625. The use of population
ranges has been adopted as part of the
simplification discussed in section III A.

Section 5.2.3.3 Calculation of nearby
population targets factor category value.
Text has been revised to reflect the
changes in the targets factor category
and in the rounding rule.

Section 5.2.4 Calculation of nearby
population threat score. Minor editorial
changes only.

Section 5.3 Calculation of the soil
exposure pathway score. Has been
changed to reflect the change in the
value used as a divisor.
In addition to the above noted

changes, Figures 5-2 and 5-3 and Tables
5-4 and 5-6 from the proposed rule have
been removed.
Section 6 Air Migration Path way

The air migration pathway evaluates
the relative threat resulting fromreleases or potential releases of
hazardous substances, either as gases or
particulates, to the air. The major
changes specific to this pathway include
separate evaluation of gas and
particulates in the likelihood to release
factor category; inclusion of benchmarks
to evaluate population and the nearest
individual; weighting of sensitive
environments based on actual or
potential contamination; revision of the
distance weights; deletion of the land
use factor and inclusion of a resources
factor in the evaluation of population;
and revisions to the mobility factor.
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Section 6.0 Air Migration Path way.Descriptive text has been removed.

Figure 6-1 has been revised to reflectrevisions to the factors evaluated, and
Table 6-1 has been revised to reflect the
new factor category values throughoutSection 8.1 Likelihood of release.
Has been revised to eliminateexplanatory text and to add instructionsabout which factors to evaluate for this
factor category.Section 0.1.1 Observed release. Asdiscussed in section III G of this
preamble, the specific criteria have been
revised.Section 6.1.2 Potential to release. Asexplained in section ffl O of thispreamble, the method for evaluating thisfactor has been revised. Gas potential torelease and participate potential to .release an evaluated separately. Theexplanatory text has been removed.Section 6.12.1 Gat potential to
release. Explains how this factor is
evaluated. Table 6-2 (proposed rule1 ible 2-3) has been revised to apply
a; Jy to the gas potential to release
i jctors.

Section 8.1.2.1.1 Gas containment.
Descriptive text has been removed.
Table 6-3 (proposed rule Table 2-5) has
been simplified. The depth requirementsend other containment requirementshave been revised based on public
comment, the field test, and a review ofrecent information on covering systems.
Consideration of biogas releases has
been added. Assigned values have beenrevised and also reflect the revisedmaximum value for the factor.Section 6.1.2.1.2 Gas source type.
New source types have been added to
Table 6-4 (proposed rule Table 2-6), andthe assigned values have been revised.
As explained in section III O of thispreamble, new source types andsubgroups for specific types have been
added, in response to comments and thefield test, to make this factor easier to
evaluate. Treatment of sources when nosource meets the minimum size has been
clarified.

Section 6.12.1.3 Gas migration
potential. As explained in section III Oof this preamble, this section has been
renamed and the approach for assigningvalues changed slightly. This section
explains how to assign values to each
substance and subsequently to thesource using Tables 6-5,6-6, and 6-7.
"Dry soil relative volatility'nas'oeen
removed as a measure of gas migrationpotential. The footnotes have been
removed from Table 6-5 (proposed ruleTable 2-7) and the name has been
changed to "Values for Vapor Pressureand Henry's Constant." The titles ofTables 6-6 and 6-7 have been changed.
The values assigned have also been

changed to reflect the revised maximum
value for the factor category. Descriptivetext has been removed.Section 6.1.2.1.4 Calculation of gas
potential to release value. Explains howto calculate this value.

Section 6.122 Particulate potential
to release. Explains how this factor is
evaluated. Table 6-8 (proposed rule
Table 2-3) has been revised to applyonly to the participate potential to
release factors.Section 6.1.22.1 Particulate
containment. References Table 6-0
(Table 2-5 from the proposed rule). Thecriteria and values assigned using thistable have been changed, as discussedin section III O of this preamble.Considerations of depth have beenadded for particulates.Section 8.12.2.2 Particulate sourcetype. In response to comments, newkinds of source types and subgroups of
source types have been added to make
this factor easier to score. The values
assigned have been revised to reflect the
changed factor category maximum.
Treatment of sources when no source
meets the minimum size has been
clarified.

Section 8.1.2.2.3 Particulatemigration potential Has been renamed.
Descriptive text has been removed.Proposed rule Figure 2-3 has been
simplified, expanded, and renumbered
as Figure 6-2. Proposed rule Table 2-9has been renumbered as Table 6-10.Section 6.12.2.4 Calculation of
particulate potential to release value.
Describes how to calculate this value.Section 6.12.3 Calculation ofpotential to release factor value for thesite. Text has been simplified andmodified to account for gas andparticulate potential to release.Section 6.1.3 Calculation of
likelihood of release factor category
value. Describes calculation procedure.Section 62 Waste characteristics.
Descriptive text has been removed.Section 6.2.1 Toxicity/mobility. Texthas been simplified.Section 8.2.1.1 Toxicity. Descriptive
text has been removed and § 2.4.1.1 isreferenced.

Section 62.12 Mobility. As
explained in section III F of this
preamble, the scoring of this factor has
changed. Gas mobility is now based
only on vapor pressure. The maximumva'iue assigned "tor particulate mobility'is
no longer the same as the maximum
assigned for gas mobility. The
particulate mobility values are assignedbased on Figure 6-3 or the equation inthe text along with Table 6-12. Thevalues assigned have been put on linear
scales to be consistent with the new
structure of the waste characteristics

factor category. The text has been
simplified.

Section 6.2.1.3 Calculation of
toxicity/mobility factor value. Table 6-
13, proposed rule Table 2-12, the matrix
for assigning toxicity/mobility factor
values has been revised to reflect the
changes in values assigned to both
factors.

Section 62.2 Hazardous waste
quantity. Descriptive text has been
removed and S 2.4.2 is referenced.

Section 62.3 Calculation of waste
characteristics factor category value.
The text has been revised to indicate themultiplication of the component factors,
the new maximum value, and the tableused to assign the factor category value.Section &3 Targets. The targetdistance limit has been modified to
include targets beyond four miles whenan observed release extends beyond
that distance. Text has been added to
explain how to evaluate populations and
sensitive environments exposed to
actual contamination. Text was added
to clarify that actual contaminationbased on an observed release
established by direct observation should
be considered Level II. Table 6-14,Health-Based Benchmarks for
Hazardous Substances in Air. has been
added to list the benchmarks used for
this pathway. Table 6-15, Air Migration
Pathway Distance Weights (proposed
rule Table 2-16), has been revised to
reflect changes in the distance weights
discussed in section III O of this
preamble.

Section 6.3.1 Nearest individual. The
title has been changed from maximally
exposed individual. As discussed above,
this factor is now evaluated based on
actual contamination and potential
contamination. The name of Table 6-16(proposed rule Table 2-15) has been
changed and the values have been
revised based on changes to the
distance weights. Descriptive text hasbeen removed.

Section 8.32 Population. Evaluation
of population based on health-based
benchmarks has been added as
discussed in section III H of thispreamble.

Section 63.Z.1 Level of
contamination. Explains how to
evaluate population based on
concentrations of hazardous substances'in samples.

Section 6.3.22 Level I
concentrations. Explains how to
evaluate populations exposed to Level Iconcentrations. The scoring cap was
eliminated, and the multiplier (i.e.,weight) is now 10.
'Section 6.32^ Level IIconcentrations. Explains how to
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evaluate populations exposed to Level II
concentrations.

Section 6.3.2.4 Potential
contamination. Explains how to assignvalues to populations potentially
exposed to contamination from the site.
The formula for calculating populationvalues has been revised. Table 6-17,
which assigns distance-weighted valuesfor populations in each distance
category, has been added. The values in
the table were determined by statisticalsimulation to yield the same population,
on average, as the use of the formulas inthe proposed rule. The use of population
ranges has been adopted as part of thesimplification discussed in section III A.
The founding rule hat been changed, the
scoring cap was eliminated, and themultiplier (i.e., weight) is now 0.1.

Section 8.3.2.5 Calculation of thepopulation factor value. Explains how to
calculate the factor value. The scoringcap was eliminated.
Section 8.3.3 Resources. Explains

how to assign points to resources, which
in this pathway is based on the presence
of commercial agriculture, commercialsilviculture, and major or designated
recreation areas.
Section 6.3.4 Sensitive

environments. Explains how sensitive
environments are evaluated based onactual and potential contamination. The
maximum value that can be assigned tothis factor is limited, but is greater thanin the proposed rule. The limit is
determined by scoring the pathway with
only sensitive environments in thetargets factor category; the pathway
score under these conditions may notexceed 60 points.Section 6.3.4.1 Actual
contamination. Explains how to assign
factor values for sensitive environmentssubject to actual contamination and how
to assign values to wetlands based ontotal acreage. A new Table 8-18,
Wetlands Rating Values for the AirMigration Pathway, has been added top. va] JUJH. »a wfitlandji ha.wL on.
acreage.

Section 6.3.4.2 Potential
contamination. Explains how to
calculate the factor value for potentially
contaminated sensitive environments
and how to assign values to wetlands
based on total acreage within each
distance category. The rounding rule has
been changed.

Section 6.3.4.3 Calculation of
sensitive environments factor value.
Explains how to calculate the factor
value. The rounding rule has been
changed.

Section 6.3.5 Calculation of targets
factor category value. Text has been
revised to reflect the new names for
factors.

Section 6.4 Calculation of air
migration pathway score. Text has been
revised to reflect the new divisor.
In addition to the above notedchanges, the land use factor. Figure 2-2,

and Tables 2-2, 2-3, 2-13, 2-17, and 2-19
in the proposed rule have been removed.
Section 7 Sites Containing Radioactive
Substances
This entire part of the rule is new. As

discussed in section III E of the
preamble, this section has been added
to provide direction on evaluating sitescontaining radioactive substances.
Table 7-1 lists factors evaluateddifferently for such sites.Section 7.1 Likelihood of release/
likelihood of exposure. Explains the.approach to evaluating the factor
category.Section 7.1.1 Observed release/
observed contamination. Explains how
to evaluate observed release (observed
contamination) for radionuclides. The
evaluation differs for radionuclides that
occur naturally or are ubiquitous in the
environment, for man-maderadionuclides without ubiquitous
background concentrations in theenvironment, and for gamma-emitting
radionuclides in the soil exposure
pathway. This section also explains the
appropriate procedures for sites with
mixed radioactive and other hazardous
substances.

Section 7.1.2 Potential to release.
Explains that potential to release factors
are evaluated on the physical and
chemical properties of radionuclides, nottheir radioactivity.

Section 7.2 Waste characteristics.
Lists the factors evaluated.

Section 7.2.1 Human toxicity.
Explains how to assign toxicity values
to radioactive substances and describes
appropriate procedures for sites
containing mixed radionuclides andother hazardous substances.

Section 7.2.2 Ecosystem toxicity.
Explains that ecosystem toxicity forradionuclides is assigned a value in the
same way as is human toxicity except
that the default value is 100 rather than
1,000.

Section 7.2.3 Persistence. Explains
that radioactive substances are assigned
persistence values based solely on half-life—radioactive half-life and
volatilization half-life. Explains how to
evaluate persistence for mixed
radioactive and other hazardous
substances.

Section 7.2.4 Selection of the
substance potentially posing greatest
hazard. The section explains how to ,
select the substance potentially posing
the greatest hazard.

Section 7.2.5 Hazardous wastequantity. Explains how to evaluate the
hazardous waste quantity factor for
sites containing radioactive substances.

Section 7.2.5.1 Source hazardous
waste quantity for radionuclides.
Describes differences between the
migration pathways and the soilexposure pathway.

Section 7.2.5.1.1 Radionuclide
constituent quantity (Tier A). Explains
how to evaluate radionuclide
constituent quantity for radionuclides.

Section 7.2.5.1.2 Radionuclide
wastestream quantity (Tier B). Explains
how to evaluate radionuclide
wastestream quantity for radionuclides.

Section 7.2.5.1.3 Calculation of
source hazardous waste quantity valuefor radionuclides. Explains how to
assign a source value.

Section 7.2.5.2 Calculation of
hazardous waste quantity factor value
for radionuclides. Explains how to
calculate the hazardous waste quantity
factor value for radionuclides and
describes use of the minimum value.
which is either 10 or 100 (as described in
section 2.4.2.2 above).
Section 7.2.5.3 Calculation of

hazardous waste quantity factor value
for sites containing mixed radioactive
and other hazardous substances.
Explains how to calculate the factor
value for these sites. .

Section 7.3 Targets. Explains how to
evaluate targets at sites containing
radioactive substances and sites
containing radioactive and other
hazardous substances.

Section 7.3.1 Level of contamination
at a sampling location. Explains how to
determine the appropriate level of
contamination.

Section 7.3.2 Selection of
benchmarks and comparisons with
observed release/observedcontamination. This section lists the
benchmarks and explains how they are
used in determining the level ofcontamination.
V. Required Analyses
A. Executive Order No. 12291

Under Executive Order No. 12291, the
Agency must judge whether a regulation
is "major" and thus subject to the
requirement of a Regulatory Impact
Analysis. The rule published today is
not major because the rule will not
result in an effect on the economy of
$100 million or more, will not result in
increased costs or prices, will not have
significant adverse effects on
competition, employment, investment.
productivity, and innovation, and will
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not significantly disrupt domestic and
export markets.

To estimate the costs Hssocialed with
the final rule, a final economic analysis
entitled "Economic Impact Analysis of
the Revised Hazard Ranking System"
was prepared as an addendum to the
December 1987 economic impact
analysis (EIA) to incorporate new data.
As in the January 1988 EiA, the total
annual cost of implementing the final
rule is estimated as a function of the
number of Screening Sis (SSI) and
Listing Sis (LSI) that will be conducted
annually and the unit cost of each. In the
January 1988 EIA, estimates of total
costs were developed assuming 1 , 130
SSIs and 100 LSIs would be conducted
annually. The Agency now estimates
'that 1,100 Sis will be conducted
annually (EPA is no longer using the
terms SSI and LSI). The total annual
cost is estimated to be $78.8 million, the
sum of the cost of conducting 1,000 Sis
at u unit cost of $55,000, 70 Sis for NPL
sites (without monitoring wells) at a unit
( ast of S100.000. and 30 Sis for NPL sites
(with monitoring wells) at a unit cost of
$160.000.

To estimate the incremental cost of
implementing the final revised version
of the FIRS, the unit cost of conducting
.;!! prercmedia! listing activities using
ihe current MRS from the January 1988
EIA is updated. That cost wag estimated
to be $58.200 in the January 1988 EIA,
and was developed assuming the PA
had already been conducted. The 1988
estimate is a function of 480 hours of
Field Investigation Team (FIT) technical
time valued at $40 per hour and 30
s amp'IBS 'msrng eva'iutfret tfi -& -uri fi rutfi tfi
SI,300 pur sample. To compare the costs
of the current HRS to those developed
above for the final revised version of the
HRS, the FIT technical time is valued at
$50 per hour and each sample
evaluation is estimated to cost $1,000.
The revised total cost of conducting all
listing activities beyond the PA for the
current HRS, therefore, is estimated to
be $54,ono. In addition, the average level
of effort for a PA under the current HRS
is estimated to be 60 hours, and the unit
cost of the PA. assuming a $50 FIT
hourly rate, is estimated to be $3,000.

Based on these revisions, the annual
cost of using the current HRS is
estimated to be $65.4 million, the sum of
the cost of conducting 2,000 PAs at a
unit cost of $3,000 ($6 million) and the
cost of conducting 1,100 Sis at a unit
cost of $54,000 ($59.4 million). Compared
to the current HRS, the annual
incremental cost of using the final
revised version of the HRS is estimated
to be $13.4 million. On the basis of this
evaluation, implementing the final

revised version of the HRS would not
constitute a major rule, because the
annual incremental cost of the final rule
is less than $100 million. No negative
economic effects are anticipated from
this rule.
B. Regulatory Flexibility Determination

Appendix A of the December 1987 EIA
includes an assessment of the ability of
responsible parties to pay the costs ofHRS scoring under the current HRS and
the three alternative scoring
mechanisms considered at that time.
That analysis evaluated the impact of
MRS costs under each ranking
methodology on the financial viability of
15 sample companies. Under that
analysis, only the smallest sample firm(one with an average net Income of
553,700) was expected to have difficulty
in paying the costs of conducting a
complete SI under each of the
alternative ranking scenarios. The new
unit cost of a complete SI developed
during the Phase I field test and used in
I his economic analysis falls within the
range of costs already evaluated in
appendix A of the December 1987 EIA.
Given the previous analysis, EPA
concludes that most sample firms are
healthy enough financially to be able to
afford the expenditures associated with
HRS site inspections. Responsible
Parties (RPs) that are financially similar
to the smallest firm (Firm 15 in appendix
A of the December 1987 RIA), however,
do not have the assets or the income to
enable them to assume payments similar
to the estimates derived for the SI done
under the current HRS or the final

The Regulatory Flexibility Act of 1980
requires that Federal agencies explicitly
consider the effects of proposed and
existing regulations on small entities
and examine alternative regulations that
would reduce significant adverse
impacts on small entities. The small
entities that could be affected by the
revisions to the HRS are small
businesses and small municipalities that
ere responsible for hazardous wastes at
a site. Based on the updated analysis
presented here, EPA concludes that
using the final rule is unlikely to result
in a significant impact on a substantial
number of small entities. As discussed
in the December 1987 EIA, this
conclusion is drawn because small firms
are no more or less likely to be
responsible parties than are large firms.
In addition, when they are RPs, small
firms usually are one of several
companies responsible for a site and
probably would not bear the full burden
of liability for HRS expenditures and
other cleanup costs.

C. Paperwork Redaction Act
The information collection

requirements contained in this rule have
been approved by the Office of
Management and Budget (OMB) under
the provisions of the Paperwork
Reduction Act 44 U.S.C. 3501 et seq..
and has assigned OMB control number
2050-0095.
Public reporting burden for this

collection of information is estimated to
be 620 hours per response, including
time for reviewing instructions,
searching existing data sources,
gathering and maintaining the data
needed, and completing and reviewing
the collection of information. Send
comments regarding the burden estimateor any other aspect of this collection of
information, including suggestions for
reducing this burden, to Chief.
Information Policy Branch, PM—U.S.
Environmental Protection Agency. 40"! M
St., SW., Washington, DC 20460; and tl.p
Office of Information and Regulatory
Affairs, Office of Management and
Budget Washington, DC 20503, marked
"Attention: Desk Officer for EPA."
D. Federalism Implications

E.0.12612 requires agencies to assess
whether a regulation will have
substantial direct effects on the States,
on the relationship between the national
government and the States, or on the
distribution of power and
responsibilities among the various levels
of government EPA has determined that
this regulation does not have federalism
implications and that, therefore, a
Tederafism Assessment°is not requ'ireci.
List of Subjects in 40 CFR Part 300

Air pollution controls, Chemicals,
Hazardous materials, Intergovernmental
relations, Natural resources, Oil
pollution. Reporting and recordkeeping,
Superfund, Waste treatment and
disposal. Water pollution control, Water
supply.

Dated: November 9,1990.
William K. Reilly,
Administrator,

40 CFR part 300 is amended as
follows:
PART 300—[AMENDED]

1. The authority citation for part 300
continues to read as follows:

Authority: 42 U.S.C. 9605; 33 U.S.C.
1321(c)(2); E.O. No. 117533, 38 FR 21243; E.O
No. 12580, 52 FR 2923.

2. Part 300, appendix A is revised to
read as follows:
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1.0 Introduction

The Hazard Ranking System (HRS) is the
principal mechanism the U.S. EnvironmentalProtection Agency (EPA) uses to place sites
on the National Priorities List (NPL). The HRS
serves as a screening device to evaluate thepotential for releases of uncontrolled
hazardous substances to cause human health
or environmental damage. The HRS provides
a measure of relative rather than absolute
risk. It is designed so that it can be
consistently applied to a wide variety ofsites.
1.1 Definitions

Acute toxicity: Measure of lexicological
responses that result from a single exposure

to a substance or from multiple exposures
within a short period of time (typically
several days or less). Specific measures of
acute toxicity used within the HRS include
lethal dosex (LDie) and lethal concentration^
(LCso). typically measured within a 24-hour to
96-hour period.

Ambient Aquatic Life Advisory
Concentrations (AALACs): EPA's advisory
concentration limit for acute or chronic
toxicity to aquatic organisms as established
under section 304(a)(l) of the Clean Water
Act, as amended.

Ambient Water Quality Criteria (A WQC):
EPA'* maximum acute or chronic toxicity
concentration* for protection of aquatic life
and its uses a* established under section
304(a)(l) of the Clean Water Act, asamended.
Bioconcentration factor (BCF): Measure of

the tendency for • substance to accumulate
in the tissue of an aquatic organism. BCF is
determined by the extent of partitioning of a
substance, at equilibrium, between the tissue
of an aquatic organism and water. As the
ratio of concentration of a substance in the
organism divided by the concentration in
water, higher BCF values reflect a tendency
for substances to accumulate in the tissue of
aquatic organisms, [unitless].

Biodegradation: Chemical reaction of a
substance induced by enzymatic activity of
microorganisms.

CERCLA: Comprehensive Environmental
Response, Compensation, and Liability Act ot
1980, as amended (Pub. L 96-510, as
amended).

Chronic toxicity: Measure of toxicological
responses that result from repealed exposure
to a substance over an extended period of
time (typically 3 months or longer). Such
responses may persist beyond the exposureor may not appear until much later in time
than the exposure. HRS measures of chronic
toxicity include Reference Dose (RfD) values.

Contract Laboratory Program (CLP}:
Analytical program developed for CERCLA
waste site sample* to fill the need for legally
defensible analytical result* supported by a
high level of quality assurance and
documentation.

Contract-Required Detection Limit (CRDL).
Term equivalent to contract-required
quantitation limit, but used primarily for
inorganic substances.

Contract-Required Quantitation Limit
(CRQL): Substance-specific level that a CLP
laboratory must be able to routinely and
reliably detect in specific sample matrices. It
is not the lowest detectable level achievable,
but rather the level that a CLP laboratory
should reasonably quantify. The CRQL may
or may not be equal to the quantitation limit
of a given substance in a given sample. For
HRS purposes, the term CRQL refers to both
the contract-required quantitation limit and
the contract-required detection limit.

Curie (Ci): Measure used to quantify the
amount of radioactivity. One curie equals 37
billion nuclear transformations per second,
and one picocurie (pCi) equals 10"" Ci.

Decay product: Isotope formed by the
radioactive decay of some other isotope. This
newly formed isotope possesses physical and
chemical properties that are different from
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thoM of its parent isotope. and may also be
radioactive.

Detection Limit (DL): Lowest amount that
can be distinguished from the normal random"noise" of an analytical instrument or
method. For HRS purposes. the detection
limit used is the method detection limit
'I'IV/L/L!) -uv, ron Tvdi-'tmnr'irJrti''nn>cruTnHif cs.'Qjt
detection limit of the instrument as used in
the field.

Dilution weight: Parameter in the 1IRS
surface water migration pathway that
reduces the point value assigned to targets asthe flow or depth of the relevant surfacewater body increases, [unitlessf.
Dictance might: Parameter in the FIRS air

migration, ground water migration, and soilexposure pathways that reduces the paint
value assigned to targets as their distance

water at equilibrium. It la the ratio of thevapor pressure exerted by a substance in the
gas phase over a dilute aqueous solution ofthat substance to its concentration in thesolution at a given temperature. For HRS
purposes, use the value reported at or near25" C. (atmosphere-cubic meters per mole

Distribution coefficient (Kip Measure of
the extent of partitioning of • substance
between geologic materials (for example, soil,
sediment, rock] and water (also called
partition coefficient). The distribution
coefficient is used in the MRS hi evaluating
the mobility of a substance for the ground
water migration pathway, (ml/g).

ED,t (10 percent effective dose): Estimated
dose associated wi'h a 10 percent increase in
response over control groups. For HRS
purposes, the response considered is cancer
'milligrams toxicant per kilogram body
weight per day (mg/kg-day)J.

Food and Drug Administration Action
Level (FDAAL): Under section 406 of the
Federal Food, Drug and Cosmetic Act, as
amended, concentration of a poisonous or
deleterious substance in human food or
animal feed at or above which PDA will take
legal action to remove adulterated products
from the market. Only FDAAL* established
for fish and shellfiah apply in the HRS.

Half-life: Length of time required for an
.initial concentration of a substance to be
halved as a result of loat through decay. TheHRS considers five decay processes:
biodegradation, hydrolysis, photolysis.
radioactive decay, and volatilization.
Hazardous substance: CERCLA hazardous

substances, pollutants, and contaminants as
defined in CERCLA sections 101(14) and
101(33). except where otherwise specifically
noted in the HRS.

Hazardous wastestream: Material
containing CERCLA hazardous substances
(as defined in CERCLA section 101|14|) that
was deposited, stored, disposed, or placed in.
or that otherwise migrated to, a source.

HRS "factor": Primary rating element*
internal to the HRS.

HRS "factor category": Set of HRS factors
(that is. likelihood of release [01 exposure),
waste characteristics, targets).

1IRS "migration pathways": HRS ground
water, surface water, and air migration
pathways.

HRS "pathway": Set of HRS factor
categories combined to produce a score lo
measure relative risks posed by a site in one
of four environmental pathways (that is.
ground water, surface water, soil, and air).

HRS "site score": Composite of the four
I (RS pathway scores.

Henry's law constant: Measure of the
volatility of a substance in a dilute solution of

Hydrolysis: Chemical reaction of a
substance with water.Karst: Terrain with characteristics of reliefand drainage arising from a high degree ofrock solubility in natural waters. Themajority of karst occurs in limestones, butkarst may also form in dolomite, gypsum, andsalt deposits. Features associated with karstterrains typically include irregular
topography, sinkholes, vertical shafts, abruptridges, caverns, abundant springs, and/or

substance, at equilibrium, between organic
carbon in geologic materials and water. The
higher the KM. the more likely a substance is
to bind to geologic materials than lo remain
in water. [ml/g|.

Photolysis: Chemical reaction of a
substance caused by direct absorption of
solar energy (direct photolysis) or caused by
other substances that absorb solar energy
(indirect photolysis).
Radiation: Particles (alpha, beta, neutrons)

or photons (x- and gamma-rays) emitted by
radionuclides.

Radioactive decay: Process of spontaneous
nuclear transformation, whereby an isotope
of one element is transformed into an isotope
of another element, releasing excess energy
in the form of radiation.

associated with karst terrain.LCit (lethal concentration. 50 percent):Concentration of a substance in air [typicallymicrogram* per cubic meter (wj/m3)] orwater [typically micrograms per liter fjig/1)}
that kills 50 percent of a group of exposed
organisms. The LC» is used in the HRS inassessing acute toxicity.LDU (lethal dose. 50 percent): Dose of asubstance that kills 50 percent of a group ofexposed organisms. The LDw is used in theHRS in assessing acute toxicity [milligramstoxicant per kilogram body weight (mg/kgj].Maximum Contaminant Level (MCI):
Under section 1412 of the Safe Drinking
Water Act, as amended, the maximumpermissible concentration of a substance in
water that is delivered to any user of a public
water supply.

Maximum Contaminant Level Goal
(MCLC): Under section 1412 of the SafeDrinking Water Act, as amended, a
nonenforceable concentration for a substance
in drinking water that is protective of adversehuman health effects and allows an adequatemargin of safety.

Method Detection Limit (MDL); Lowestconcentration of analyte that a method candetect reliably in either a sample or blank.
Mixed radioactive and other hazardoussubstances: Material containing both

radioactive hazardous substances and
nonradioactive hazardous substances,
regardless of whether these types ofsubstances are physically separated.combined chemically, or simply mixed
together.
National Ambient Air Quality Standards

(NAAQS): Primary standards for air qualityestablished under sections 108 and 109 of the
Clean Air Act, as amended.

National Emission Standards for
Hazardous Air Pollutants (NESHAPsj:
Standards established for substances listed
under section 112 of the Clean Air Act. as
amended. Only those NESHAPs promulgated
in ambient concentration units apply in theHRS.

Octanol-water partition coefficient (K*, [or
I']): Measure of the extent of partitioning of a
substance between water and cclanol at
equilibrium. The K^. is determined by the
ratio between the concentration in octanul
divided by the concentration in watpr at
equilibrium, (unities!)].

Organic carbon partition coefficient fK^J:
Measure of the extent of partitioning of a

one-half the atoms in a given quantity of a
specific radionuclide to undergo radioactivedecay.
Radioactive substance: Solid, liquid, or gas

containing atoms of a single radionuclide or
multiple radionuclides.
Radioactivity: Property of those isotopes of

elements that exhibit radioactive decay andemit radiation.
Radionuclidf./radioisotope: Isotope of an

element exhibiting radioactivity. For HRS
purposes, "radionuclide" and ";adioisotop«"
are used synonymously.

Reference dose (RfD): Estimate of a daily
exposure level of a substance to a human
population below which adverse noncancer
health effects are not anticipated, [milligrams
toxicant per kilogram body weight per day
(mg/kg-day)].

Removal action: Action that removes
hazardous substances from the site for proper
disposal or destruction in a facility permitted
under the Resource Conservation and
Recovery Act or th« Toxic Substances
Control Act or by the Nuclear Regulatory
Commission.

Roentgen (R): Measure of external
exposures to ionizing radiation. One roentgen
equals that amount of x-ray or gamma
radiation required to produce ions carrying a
charge of 1 electrostatic unit (esu) in 1 cubic
centimeter of dry air under standard
conditions. One microroentgen (u.R) equals
10-«R.

Sample quantitation limit (SQL): Quantity
of a substance that can be reasonably
quantified given the limits of detection for the
methods of analysis and sample
characteristics that may affect quantitaiion
(for example, dilution, concentration).
Screening concentration: Media-specific

benchmark concentration for a hazardous
substance that is used in the HRS for
comparison with the concentration of thut
hazardous substance in a sample from that
media. The screening concentration for a
specific hazardous substance corresponds lo
its reference dose for inhalation exposures or
for oral exposures, as appropriate, and. if the
substance is a human carcinogen with a
weight-of-evidence classification of A, B. or
C, to that concentration that corresponds to
its 10"* individual lifetime excess cancer risk
for inhalation exposures or for oral
exposures, as appropriate.



Federal Register / Vol. 55. No. 241, / Friday. December 14. 1990 / Rules and Regulations 51587
Site: Area(s) where a hazardous tubstance

has been deposited, stored, disposed, or
placed, or has otherwise come to be located.
Such areas may include multiple sources and
may include the area between sources.

Siope factor (also referred to as cancer
potency factor}: Estimate of the probability of
response (for example, cancer) per unit
intake of a substance over a lifetime. The
slope factor is typically used to estimate
upper-bound probability of an individual
developing cancer as a result of exposure to a
particular level of a human carcinogen with a
weight-of-evidence classification of A, B, or
C. [(mg/kg-day)'1 for non-radioactive
substances and (pC,)"1 for radioactive
substances).

Source: Any area where a hazardous
substance has been deposited, stored,
disposed, or placed, plus those soils that have
become contaminated from migration of a
hazardous substance. Sources do not include
those volumes of air, ground water, surface
water, or surface water sediments that have
become contaminated by migration, except:
in the case of either a ground water plume
with no identified source or contaminated
surface water sediments with no identified
source, the plume or contaminated sediments
may be considered a source.

Target distance limit: Maximum distance
over which targets for the site are evaluated.
The target distance limit varies by HRS
pathway.

Uranium Mill Tailings Radiation Control
Act (UMTRCA) Standards: Standards for
radionuclides established under sections 102.
104. and 108 of the Uranium Mill Tailings
Radiation Control Act, as amended.

Vapor pressure: Pressure exerted by the
vapor of a substance when it is in equilibrium
with its solid or liquid form at a given
temperature. For HRS purposes, use the value
reported at or near 25* C. [atmosphere orton-].

Volatilization: Physical transfer process
through which a substance undergoes a
change of state from a solid or liquid to a gas.

Water solubility: Maximum concentration
of a substance in pure water at a given
temperature.'For HRS purposes, use the value
reported at or near 25° C. [milligrams per liter
(mg/l)J.

Weight-of-evidence: EPA classificationsystem for characterizing the evidence
supporting the designation of a substance as
a human carcinogen. EPA weight-of-evidence
groupings include:

Croup A: Human carcinogen--sufficientevidence of carcinogenicity in humans.
Croup Bl: Probable human carcinogen- -
limited evidence of carcinogenicity ir
humans.
Group B2: Probable human carcinogen- -
sufficient evidence of carcinogenidty in
animals.
Croup C: Possible human carcinogen--
limited evidence of carcinogenicity in
animals.
Croup D: Not classifiable as to human
carcinogenicity--applicable when there
is no animal evidence, or when human or
animal evidence is inadequate.
Group E: Evidence of noncarcinogenicity
for humans.

2.0 Evaluations Common to Multiple
Pathways

2.1 Overview. The HRS site score (S) is
the result of an evaluation of four pathways:

• Ground Water Migration (&„).
• Surface Water Migration (S.J.
• Soil Exposure (S.).
• Air Migration (S.).
The ground water and air migration

pathways use single threat evaluations, while
the surface water migration and soil exposure
pathways use multiple threat evaluations.
Three threats are evaluated for the surface
water migration pathway: drinking water,
human food chain, and environmental. These
threats are evaluated for two separate
migration components--overland/flood
migration and ground water to surface water
migration. Two threats are evaluated for the
soil exposure pathway: resident population
and nearby population.

The HRS is structured to provide a parallel
evaluation for each of these pathways and
threats. This section focuses on these parallel
evaluations, starting with the calculation of
the HRS site score and the individual
pathway scores.

2.1.1 Calculation of HRS site score.
Scores are first calculated for the individual
pathways as specified in sections 2 through 7
and then are combined for the site using the
following root-mean-square equation to
determine the overall HRS site score, which
ranges from 0 to TOO:

TABLE 2-1.—SAMPLE PATHWAYSCORESHEET

-i
2.1.2 Calculation of pathway score. Table

2-1, which is based on the air migration
pathway, illustrates the basic parameters
used to calculate a pathway score. As Table
2-1 shows, each pathway (or threat) score is
the product of three "factor categories":
likelihood of release, waste characteristics,
and targets. (The soil exposure pathway uses
likelihood of exposure rather than likelihood
of release.) Each of the three factor categories
contains a set of factors that are assigned
numerical values and combined as specified
in sections 2 through 7. The factor values are
rounded to the nearest integer, except where
otherwise noted.

2.1.3 Common evaluations. Evaluations
common to all four HRS pathways include:
• Characterizing sources.
-Identifying sources (and, for the soil

exposure pathway, areas of observed
contamination [see section 5.0.1 ] ) .

-Identifying hazardous substances
associated with each source (or area of
observed contamination).

-Identifying hazardous substances
available to a pathway.

Factor category

Likelihood el RtlMM
2. Potential to Release .......................3. Likelihood of Release (higher of

lines 1 and 2) .,_............._..._.........
Wast* Char*ctort*tlc«

4. Toxkaty/MobHHy ..............................5. Hazardous Wast* Quantity ............
Target*

7. Nearest Individual7a. Level 1..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7b. Level II.......................................7c. Potential Contamination ..........7d. Nearest Individual (higher of
B. Population8a. Level I.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

8b. Level II......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Be. Potential Contamination . . . . . . . . . .Bd. Total Population (lines

8a+8b+8c).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

10b. Potential Contamination. . . . . . .
10c. Sensitive Environments(lines I0a+ 10b). .........................

11. Targets (lines 7d+8d + 9-MOc).12. Pathway Scon is the product
Release, Waste Characteristics,
wded by 82,500. Pathway scores
maximum of 100 points.

Maxi-mumvalue

550
500
550

(a)(a)100

50
45
20
50
(b)
(b)
(b)
(b)

5
(b)(b)
(b)
(b)
(b)

of Like!
and Tarare limi

Valueas-signed

hood of
gets, di-
ed to a

•Maximum value applies to waste characteristicscategory. The product of lines 4 and 5 is used inTable 2-7 to derive the value for the waste charac-teristics factor category."There is no limit to the human population orsensitive environments factor values. However, thepathway score based solely on sensitive environ-ments is limited to a maximum of 60 points.
• Scoring likelihood of release (or

likelihood of exposure) factor category.
-Scoring observed release (or observed

contamination).
-Scoring potential to release when there
is no observed release.

• Scoring waste characteristics factor
category.

-Evaluating loxicity.
-Combining loxicity with mobility,
persistence, and/or bioaccumulation
(or ecosystem bioaccumulation)
potential, as appropriate to the
pathway [or threat).

-Evaluating hazardous waste quantity,
-Combining hazardous waste quantity

with the other waste characteristics
factors.

-Determining waste characteristics
factor category value.

• Scoring targets factor category.
-Determining level of contamination for

targets.
These evaluations are essentially identical

for the three migration pathways (ground
water, surface water, and air). However, the
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evaluations differ in certain respects for the
soil exposure pathway.Section 7 ipecifies modifications that apply
lo each pathway when evaluating sites
containing radioactive substances.

Section 2 focuses on evaluations common
at the pathway and threat levels. Note that
for the ground water and surface water
migration pathways, separate scores are
calculated for each aquifer (see section 3.0)and each watershed (see section* 4.1.1.3 and
4.2.1.5) when determining the pathway scores
for a site. Although the evaluations in section2 do not vary when different aquifers or
watersheds are scored at a site, the specificfeet' r values (for example, observed release,

hazardous waste quantity, toxicity/mobility)that result from these evaluations Can varyby aquifer and by watershed at the site. This
can occur through differences both in the
specific sources and targets eligible to beevaluated for each aquifer and watershed
and in whether observed releases can be
established for each aquifer and watershed.
Such differences in scoring at the aquifer and
watershed level are addressed in sections 3
and 4, not section 2.2.2 Characterize sources. Sourcecharacterization includes identification of the
following:• Sources (and areas of observedcontamination) at the site.

• Hazardous substance* associated with
these *ources (or area* of observed
contamination].

• Pathways potentially threatened by
these hazardous substances.

Table 2-2 presents a sample worksheet fot
source characterization.

2.2.1 Identify sources. For the three
migration pathways, identify the sources at
the site that contain hazardous substances.
Identify the migration pathway(s) to which
each source applies. For the soil exposure
pathway, identify areas of observed
contamination at the site (see section 5.0.1).

TABLE 2-2.—SAMPLE SOURCE CHARACTERIZATION WORKSHEET
Source:.

A Source dimensions and hazardous waste quantity
Hazardous constituent quantity: ———
Hazardous wastestream quantity: _ . _ _
Volume: _____
Area: _____
Area of observed contamination: _____

B Hazardous substancas associated with the source
Available to pathway

Hazardous substance Air
Gas

!
Paniculate

Ground water(GW)
Surface water (SVV)

Overland/flood GW to SW
Soil

Resident Nearby

associated with a source. For each of the
three migration pathways, consider those
hazardous substances documented in a
source (for example, by sampling, labels,
manifests, oral or written statements) to be
associated with that source when evaluating
each pathway. In some instances, a
hazardous substance can be documented as
being present at a site (for example, by
labels, manifests, oral or written statements),
but the specific source(s) containing that
hazardous substance cannot be documented.
For the three migration pathways, in those
instances when the specific source(s) cannot
he documented for a hazardous substance.
consider the hazardous substance to be
present in each source at the site, except
sources for which definitive information
indicates that the hazardous substance was
not or could not be present.

For an area of observed contamination in
the soil exposure pathway, consider only
those hazardous substances that meet the
criteria for observed contamination for that
area (see section 5.0.1) to be associated with
that area when evaluating the pathway.

2.2.3 Identify hazardous substances
a\ailable to a pathway. In evaluating each

Tiiigi-a'iion pa'inway, cons'iiier tno'idilowmg
hazardous substance, available to migrate
from the sources at the site to the pathway:

• Ground water migration.
-Hazardous substances thai meet the

criteria for an observed release (sea
section 2.3) to ground water.

-All hazardous substances associated
with a source with a ground water
containment factor value greater than
0 (see section 3.1.2.1).

• Surface water migration—overland/flood
component.

-Hazardous substances that meet the
criteria for an observed release to
surface water in the watershed being
evaluated.

-All hazardous substances associated
with a source with a surface water
containment factor value greater than
0 for the watershed (see sections
4.1.2.1.2.1.1 and 4.1.2.1.2.2.1).

• Surface water migration—ground waier
to surface water component.

-Hazardous substances that meet the
criteria for an observed release to
ground water.

-A'friiazari_ou3 substances associated
with a source with a ground water
containment factor value greater than
0 (see sections 4.2.2.1.2 and 3.1.2.1).

• Air migration.
-Hazardous substances that meet the
criteria for an observed release to the
atmosphere.

-All gaseous hazardous substances
associated with a source with a gas
containment factor value greater than
0 (see section 6.1.2.1.1) .

-All particulate hazardous substances
associated with a source with a
particulate containment factor value
greater than 0 (see section 6.1.2.2.1) .

• For each migration pathway, in those
instances when the specific source(s)
containing the her_ardous substance cannot
be documented, consider that hazardous
substance to be available to migrate to the
pathway when it can be associated (see
section 2.2.2) with a! least one source having
a containment factor value greater than 0 for
that pathway.
^In evaluating the soil exposure pathway,

consider the following hazardous substances
available to the pathway:
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• Soil exposure—resident population

threat.
-All hazardous substances that meet the

criteria for observed contamination at
the site (see section S.O.I).

• Soil exposuid—nearby population threat.
-All hazardous substances that meet the

criteria for observed contamination at
areas with an attractiveness/
accessibility factor value greater than
0 [see section 5.2.1.1).

2.3 Likelihood of release. Likelihood of
release is a measure of the likelihood that a
waste has been or will be released to theenvironment. The likelihood of release factor
category is assigned the maximum value of
550 for a migration pathway whenever the
criteria for an observed release are met for
that pathway. If the criteria for an observed
release are met, do not evaluate potential to
release for that pathway. When the criteria
for an observed release are not met, evaluate
potential to release for that pathway, with a
maximum value of 500. The evaluation of
potential to release varies by migration
pathway (see sections 3, 4 and 6).

Establish an observed release either by
direct observation of the release of a
hazardous substance into the media being
evaluated (for example, surface water) or by
chemical analysis of samples appropriate to
the pathway being evaluated (see sections 3,4, and 6). The minimum standard to establish
an observed release by chemical analysis is
analytical evidence of a hazardous substance
in the media significantly above the
background level. Further, some portion of
the release must be attributable to the site.
Use the criteria in Table 2-3 as the standarc
for determining analytical significance. (The
criteria in Table 2-3 are also used in
establishing observed contamination for the
soil exposure pathway, see section 5.0.1.)
Separate criteria apply to radionuclides (seesection 7.1.1).

TABLE 2-3.—OBSERVED RELEASECRITERIA FOR CHEMICAL ANALYSIS

Sample Measurement < Sample QuantltattonUrntt-
No observed release is established.Sample Measurement ^ SAMPLE OUANTITATIONLUNT*
An observed release is established as follows:• If the background concentration is not detected(or is less than the detection limit), an observedrelease is established when the sample meas-urement equals or exceeds the sample quantita-tion limit.*

• If the background concentration equals or ex-
ceeds the detection limit, an observed release isestablished when the sample measurement is 3
times or more above the background concentra-tion.

• If the sample quantilation limit (SOL) cannot be
established, determined if there is an observedrelease as follows:

—If the sample analysis was performed under theEPA Contract Laboratory Program, uae the EPAcontract-required quantjtation limit (CRQL) in place ofthe SQL—If the sample analysis is not performed under theEPA Contract Laboratory Program, use the detectionlimit (DL) in place of the SOL

2.4 Waste characteristics. The waste
characteristic* factor category include* thefollowing factor*: hazardous waste quantity,
toxicity, and a* appropriate to the pathwayor threat bein«{,evaluated, mobility,
persistence, and/or bioaccumulation (orecosystem bioaccumulation) potential.

2.4.1 Selection of substance potentiallyposing greatest hazard. For all pathways (and

• Noncancer lexicological responses of
acute exposure- -use acute toxicity
parameters, such as the LQ».

Assign human toxicity factor values to a
hazardous substance using Table 2-4. as
follows:

• If RfD and slope factor values are both
available for the hazardous substance, assign
the substance a value from Table 2-4 for
each. Select the higher of the two values
assigned and use it as the overall toxicity
factor value for the hazardous substance.

potentially posing the greatest hazard for the
pathway (or threat) and use that substance inevaluating the waste characteristics categoryof the pathway (or threat). For the threemigration pathways (and threats), base the
•election of thi* hazardous substance on thetoxicity factor value for the substance,
combined with its mobility, persistence, and/
or bioaccumulation (or ecosystem
bioaccumulation) potential factor values, as
applicable to the migration pathway (or
threat). For the soil exposure pathway, base
the selection on the toxicity factor alone.Evaluation of the toxicity factor is specified
in section 2.4.1.1. Use and evaluation of the
mobility, persistence, and/or
bioaccumulation (or ecosystem
bioaccumulation) potential factors vary by
pathway (or threat) and are specified under
the appropriate pathway (or threat) section.
Section 2.4.1.2 identifies the specific factorsthat are combined with toxicity in evaluating
each pathway (or threat).

2.4.1.1 Toxicity factor. Evaluate toxicity
fur those hazardous substances at the site
that are available to the pathway being
scored. For all pathways and threats, exceptthe surface water environmental threat,evaluate human toxicity as specified below.For the surface water environmental threat,
evaluate ecosystem toxicity as specified in
section 4.1.4.2.1.1.
Establish human toxicity factor values

based on quantitative dose-responseparameters for the following three types of
toxicity:
• Cancer- -Use slope factors (also referred

to as cancer potency factors) combined with
weight-of-evidence ratings for
carcinogenicity. If a slope factor is not
available for a substance, use its ED,0 valueto estimate a slope factor as follows:

Slope factor 6 (ED,U1

available, but not both, assign the hazardous
substance an overall toxicity factor value
from Table 2-4 based solely on the availablevalue (RfD or slope factor).
available, assign the hazardous substance an
overall toxicity factor value from Table 2-4
based solely on acute toxicity. That is.
consider acute toxicity in Table 2-4 only
when both RfD and slope factor values are
not available.

* If neither an RfD, nor slope factor, nor
acute toxicity value is available, assign the
hazardous substance an overall toxicity
factor value of 0 and use other hazardous
substances for which information is available
in evaluating the pathway.

TABLE 2-4.— TOXICITY FACTOREVALUATION
Chronic Toxicity (Human)

Reference dose (HfO) (mg/kg-day)

RfD < 0.0005.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0.0005 < RfD < 0.005.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0.005 < RfD < 0.05. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0.05 < RfD < 0.5.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0.5 < RfD..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .RfD not available ..........................................

Assignedvalue
10,000
1.000
100
10
1
0

Carcinogenicity (Human)
Weighl-of-evidence'/slope factor (mg/kg-day)-'

A

0.5 < SF»
0.05 < SF

< 0 . 5
SF < 005

_ __
Slope

factor notavailable.

B

5 <; SF
0.5 < SF
< 5

005 < SF
< 0.5

SF < O.Ob
Slopelaclor notavailable.

C
50 < SF
5 < SF <

50
0.5 < SF
< 5

SF < 05
Slope

factor not
available.

Assignedvalue

10.000
1,000

100

10
0

• Noncancer lexicological responses of
chronic exposure--use reference dose (RfU)
values.

' A. B. and C reler to weight-of-evidence catego-ries. Assign substances with a weight-of-evidencecategory of D (inadequate evidence of carcinogen-icity) or E (evidence of lack of carcinogenicity) avalue of 0 lor carcinogenicity.• SF = Slope laclor.
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TABLE 2-4.—TOXICITY FACTOR EVALUATIOT*—CONCLUDED

AeuM Toxfetty (Human)

Oral LD* (mg/kg)

_ _ _
LDs . < 5.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5 < LD*, < 50. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
50 < LD-o < 500.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
500 < LD»» . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .LQ» not available . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Dermal LOw (mg/kg)

LD,. < 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2 <; LCx, < 20 .....................................
20 < LD* < 200
200 £ LDi»

Oust or mist LCx> (mg/l)

LC» < 0.2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
02 ^ L&. < 2.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2 £ LCM < 20.... __ .. . . . . . . . . . . . . . . . . . . . . . . . .
20 <, LCwLCw not available

Gas o» vapor LC* (ppm)

LC» < 20 .... . . . . . . . . . . . . . . . . . . . . _. . . . . . . _ _ . . . . .
20 5 LC* < 200........ _ ....__............
200 < LG.* < 2.000... . . _ . _ . . . . . . . . . . . . . . . . . . .
2,000 < LG, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Assignedvalue

1 .000
100
10
0

If a toxicity factor value of 0 is assigned to
all hazardous substances available to a
particular pathway (that is, insufficient
toxicity data are available for evaluating all
the substances), use a default value of 100 as
the overall human toxicity factor value for all
hazardous substances available to the
pathway. For hazardous substances having
usable toxicity data for multiple exposure
routes (for example, inha!ntion and
ingestion). consider all exposure routes and
use the highest assigned value, regard-less of
( xposure route, as tho toxicity faclor value.

For HRS purposes, assign both asbestos
and lead (and its compounds) a human
toxicily factor value of 10.000.

Separate criteria apply for .sssi^nuip f.ictoi
i allies for human toxicity and ecos jstem
loxidty for radionuclidiis (see sections 7 . 2 . 1
and 7.2.2).

2.4.1 .2 Razordous subsltiin-e selection.
For each hazardous substance evaluated for
a migration pathway (or threa:). combine !ht>
human toxicity factor value lor ecosystem
toxicity factor value) for the hazardous
substance with a mobility, persistence, and/
or bioaccumulation (or ecosystem
bioaccurnulation) potential factor value as
follows:

• Ground water migration.
-Determine a combined human toxicity/

mobility factor value for the hazardous
substance (see section 3.2.1 ) .

• Surface water migration-overlaid/flood
migration component.

-Determine a combined human toxicity/
persistence factor value for the
hazardous substance for the drinking
water threat (see section 4.1.2.2.1) .

-Determine a combined human toxicity/
persistence/bioaccumulation factor
value for the hazardous substance for
the human food chain threat (see
section 4.1.3.2.1).

-Determine a combined euosystem
toxicity/persistence/bioaccumulation
factor value for the hazardous
substance for the environmental threat
(see section 4.1 .4.2.1) .

• Surface wales migration-ground woler to
surface water migration component.

-Determine a combined human toxir. ity/
mobility/persistence factor value for
the hazardous substance for the
drinking water threat (see section
4.2.2 .2 . 1 ) .

-Determine u combined human loxichy/
mobil ity/persistence/bioaccumulation
factor value for the hazardous
substance for the human food chain
threat (see section 4.2.3. .? . 1 ) .

-Determine a combined ecosystem
toxicity /mobility /persistence/
bioaccumulation factor value for thehazardous substance for the
environmental threat (see section
4.2.4.2.1).

• Air migration.
-Determine a combined human toxicily/
mobility factor value for the hazardous
substance (see section Oil).

Determine each combined factor value for
a hazardous substance by multiplying the
individual factor values appropriate to the
pathway (or threat). For each migration
pathway (or threat) being evaluated. se!ecf

the hazardous substance with the highest
combined fartor value and use that substance
in evaluating the waste characteristics factor
category of the pathway (or threat).

For the soil exposure pathway, select the
hazardous substance with the highest human
toxicity factor value from among the
substances that meet the criteria for observed
contamination for the threat evaluated and
use that substance in evaluating the waste
characteristics factor category.

2.4.2 Hazardous waste quantity. E\;:\u«le
the hazardous waste quantity factor by first
assigning each source (or area of observed
contamination] a source hazardous wastequariifty va'iue as spec'rne&'De'iow.'bum'fnese
values to obtain the hazardous waste
Quantity factor value for the pathway being
evaluated.

In evaluating the- hazardous waste quantity
factor for the three migration pathways.
allocate hazardous substances and
hazardous wastestreams to specific sources
except: consider hazardous substances and
hazardous wastestreams that cannot be
allocated lo any specific source to constitute
a separate "unallocated source" for purposes
of evaluating only this factor for the three
migration pathways. Do not, however,
include a hazardous substance or hazardous
wastestream in the unallocated source for a
migration pathway if there is definitive
information indicating that the substance or
wastcstream could only have been placed in
sources with a containment factor value of 0
for that migration pathway.

In evaluating the hazardous waste quantity
factor for the soil exposure pathway, allocate
tu each area of observed contamination only
those hazardous substances that meet the
criteria for observed contamination for that
area of observed contamination and only
those hazardous wastestreams that contain
hazardous substances that meet the criteria
for observed contamination for that area of

observed contamination. Do not consider
other hazardous substances or hazardous
wastestreams at the site in evaluating this
factor for the soil exposure pathway.

2.4.2.1 Source hazardous waste quantity.
For each of the three migration pathways,
assign a source hazardous waste quantity
value to each source (including the
unallocated source) having a containment
factor value greater than 0 for the pathway
being evaluated. Consider the unallocated
source to have a containment factor value
greater than 0 for each migration pathway.

For the soil exposure pathway, assign a
source hazardous waste quantity value lo
each area of observed contamination, as
Applicable to the threat being evalujlinl.

For all pathways, evaluate source
hazardous waste quantity using the following
four measures in the following hierarchy:
• Hazarc'uiis constituent quantity.
• Hazardous Wnslf i s trnom quantity
• Volume.
• Area.
For the unallocated source, use only lh.'

first two measures.
Separate criteria apply for assigning a

source hazardous waste quantity value lor
radionuclides (see section 72.5).
Evaluate hazardous constituent quantity for
the source (or area of observed
contamination) based solely on the mass of
CERCI.A hazardous substances (as defined in
CERCLA =ection 101(14), as amended)
allocated to the source (or ;-;rea of obif rvr-d
contamination), except:
section 3001 of the Solid Waste Disposal Act.
as amended by the Resource Conservation
and Recovery Act of 1976 (RCRA), 42 U.S.C.
6901 et seq., determine its mass for the
evaluation of this measure as follows:

-If the hazardous waste is listed solely
for Hazard Code T (toxic waste),
include only the mass of constituents
in the hazardous waste that are
CERCLA hazardous substances and
not the mass of the entire hazardous
waste.

-If the hazardous waste is listed for any
other Hazard Code (including T plus
any other Hazard Code), include the
mass of the entire hazardous wasln .

• For a RCRA hazardous waste that
exhibits the character i s t i cs identified • j r c .J iT
-section 3001 of RCRA as amended.
determine its mass for the evaluation of \\-\f
measure as follows
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-If the hazardous waste exhibits only the

characteristic of toxicity (or only the
characteristic of EP toxicity), include
only the mass of constituents in the
hazardous waste that are CERCLA
hazardous substances and not the
mass of the entire hazardous waste

-If the hazardous waste exhibits any
other characteristic identified under
section 3001 (including any other
characteristic plus the characteristic of
toxicity [or the characteristic of EP
toxicity]), include the mass of the
entire hazardous waste.

Based on this mass, designated as C, assign
a value for hazardous constituent quantity as
follows:
• For the migration pathways, assign the

source a value for hazardous constituent
quantity using the Tier A equation of Table
2-5.
• For the soil exposure pathway, assign the

area of observed contamination a value using
the Tier A equation of Table 5-2 (section
5.1.2.2).

If the hazardous constituent quantity for
the source (or area of observed
contamination) is adequately determined
(that is. the total mass of all CERCLA
hazardous substances in the source and
releases from the source [or in the area of
observed'contamination] is known or is
estimated with reasonable confidence), do
not evaluate the other three measures
discussed below. Instead assign these other
three measures a value of 0 for the source (or
area of observed contamination) and proceed
to section 2.4.2.1.5.

If the hazardous constituent quantity is not
adequately determined, assign the source (or
area of observed contamination) a value for
hazardous constituent quantity based on the
available data and proceed to section
2.4.2.1.2.

TABLE 2-5.—HAZARDOUS WASTEQUANTITY EVALUATION EQUATIONS

TABLE 2-5.—HAZARDOUS WASTE QUAN-TITY EVALUATION EQUATIONS—Concluded

Tier

A

B>

C'

D l

Measure

Hazardousconstituentquantity (C)Hazardous
WMteStTMmquantity (W)

/OtURM (V)Landfill.......................
Surfaceimpoundment
Surface
impoundment(buried/backfilled)

TiinhGiMMticontainers other
I than drums

Contaminated soil...Pile.. . . . . . . . . . . . . . . . . . . . . . . . . . .
• Other . . . . . . . . . . . . . . . . . . . . . . . . .
Area (A). . . . . . . . . . . . . . . . . . . . . . .

Landfill................. .Surface
impoundment

Units

Ib

Ib

yd'
yd'
yd'

•yt?

yd"
yd3

yd3

ft1
ft"

Equationforassigningvalue*
\s

W/5,000

V/2,500
V/2.5
V'2.5

V/500
1 ̂

V/2,500
V/2.5
V/2.5

A/3,400
A/13

Tier Measure

Surface
impoundment(buried/backfilled)Land treatment..........

Pile • .. ..... ... ....Contaminated soil .....

Units

ftj

tt«n»it*

Equation
(Ofassigningvalue*

A/13

A/270
A/13

A/34,000
• Do not round to nearest integer.•Convert volume to mass when necessary: 1ton.2.000 pounds-1 cubic yard = 4 drums=200gallon*.' If actual volume of drums is unavailable, assume1 drum-50 gallons.•Use landsarea of pile. surface area under pile, not surface

2.4.2.1.2 Hazardous wastestreamquantity. Evaluate hazardous wastestreamquantity for the source (or area of observedcontamination) based on the mass of
hazardous wastestreams plus the mass of any
additional CERCLA pollutants and
contaminants (as defined in CERCLA section
101(33], as amended) that are allocated to the
source (or area of observed contamination).
For a wastestream that consists solely of a
hazardous waste listed pursuant to section3001 of RCRA. as amended or that consists
solely of a RCRA hazardous waste that
exhibits the characteristics identified under
section 3001 of RCRA, as amended, include
the mass of that entire hazardous waste inthe evaluation of this measure.

Based on this mass, designated as W,
assign a value for hazardous wastestream
quantity as follows:
• For the migration pathways, assign thesource a value for hazardous wastestreamquantity using the Tier B equation of Table

2-5.
• For the soil exposure pathway, assign thearea of observed contamination a value using

the Tier B equation of Table 5-2 (section
5.1.2.2).

Do not evaluate the volume and areameasures described below if the source is the
unallocated source or if the followingcondition applies:

• The hazardous wastestream quantity for
the source (or area of observed
contamination) is adequately determined —
that is, total mass of all hazardous
wastestreams and CERCLA pollutants and
contaminants for the source and releases
from the source (or for the area of observed
contamination) is known or is estimated with
reasonable confidence.

If the source is the unallocated source or if
this condition applies, assign the volume and
area measures a value of 0 for the source (or
to section 2.4.2.1.5. Otherwise, assign the
source (or area of observed contamination) a
value for hazardous wastestream quantity
based on the available data and proceed to
section 2.4.2.1.3.

2.4.2.1.3 Volume. Evaluate the volume
measure using the volume of the source (or
the volume of the area of observed

contamination). For the soil exposure
pathway, restrict the use of the volume
measure to those areas of observed
contamination specified in section 5.1.2.2.

Based on the volume, designated as V.
assign a value to the volume measure as
follows:

• For the migration pathways, assign the
source a value for volume using the
appropriate Tier C equation of Table 2-5.

• For the soil exposure pathway, assign the
area of observed contamination a value for
volume using the appropriate Tier C equation
of Table 5-2 (section 5.1.2.2).

If the volume of the source (or volume of
the area of observed contamination, if
applicable] can be determined, do not
evaluate the area measure. Instead, assign
the area measure a value of 0 and proceed to
section 2.4.2.1.5. if the volume cannot be
determined (or is not applicable for the soil
exposure pathway), assign the source (or
area of observed contamination) a value of 0
for the volume measure and proceed to
section 2.4.2.1.4.

2.4.2.1.4 Area. Evaluate the area measure
using the area of the source (or the area of
the area of observed contamination). Based
on this area, designated as A, assign a value
to the area measure as follows:

• For the migration pathways, assign the
source a value for area using the appropriate
Tier 0 equation of Table 2-5.
• For the soil exposure pathway, assign the

area of observed contamination a value for
area using the appropriate Tier D equation of
Table 5-2 (section 5.1.2.2).

2.4.2.1.5 Calculation of source hazardous
waste quantity value. Select the highest of
the values assigned to the source (or area of
observed contamination) for the hazardous
constituent quantity, hazardous wastestream
quantity, volume, and area measures. Assign
this value as the source hazardous waste
quantity value. Do not round to the nearest
integer.

2.4.2.2 Calculation of hazardous waste
quantity factor value. Sum the source
hazardous waste quantity values assigned to
all sources (including the unallocated source)
or areas of observed contamination for the
pathway being evaluated and round this sum
to the nearest integer, except: if the sum is
greater than 0, but less than 1, round it to 1.
Based on this value, select a hazardous waste
quantity factor value for the pathway from
Table 2-6.

TABLE 2-6.—HAZARDOUS WASTE
QUANTITY FACTOR VALUES

Hazardous waste quantity value

0. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1' to 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Greater (nan ItlU to lUUUU .. . . . . . . . . . . . . . . . . . . .
Greater than 10,000 to 1,000,000.... . . . . . . .
Greater than 1,000.000.... . . . . . . . . . . . . . . . . . . . . . . . . .

Assignedvalue
0
1 >•rao

10,000
1,000,000

• If the hazardous waste quantity value is greaterthan 0, but less than 1. round it to 1 as specified mtext.• For the pathway, il hazardous constituent quanti-ty is not adequately determined, assign a value asspecified in the text; do not assign the .O'ue of 1.
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For a migration pathway, If the hazardousconitlluent quantity ii adequately

determined (lee tectlon 2.4.2.1.1) for all
tourcei (or all portion! of lources andreleases remaining after a removal action),
assign the value from Table 2-6 as the
hazardous watte quantity factor value for thepathway. If the hazardous constituent
quantity is not adequately determined for one

category value to the pathway (or threat)from Table 2-7.
TABLE 2-7.—WASTE CHARACTERISTICSFACTOR CATEGORY VALUES

sources or releases remaining after a removalaction) assign a factor value as follows:• If any target for that migration pathway
Is subject to Level I or Level II concentration!(see section 2.5). assign either the value from
Table 2-« or a value of 100. whichever ii
greater, as the hazardous waste quantityfactor value for that pathway.

• If none of the targets for that pathway Issubject to Level I or Level II concentrations.
assign a factor value as follows:

-If there has been no removal action.
assign either the value from Table 2-6
or a value of 10. whichever Is greater.
as the hazardous waste quantity factor
value for that pathway.

-If there has been a removal action:
- -Determine values from Table 2-6

with and without consideration of
the removal action.

- -If the value that would be assigned
from Table 2-0 without
consideration of the removal action
would be 100 or greater, assign
either the value from Table 2-6
with consideration of the removal
action or a value of 100. whichever
Is greater, as the hazardous waste
quantity factor value for the
pathway.

- -If the value that would be assignedfrom Table 2-6 without
consideration of the removal action
would be less than 100. assign a
value of 10 as the hazardous waste
quantity factor value for the
pathway.

For the soil exposure pathway, if the
hazardous constituent quantity Is adequately
determined for all areas of observed
contamination, assign the value from Table
2-6 as tho hazardous wasle quantity factor
value. If the hazardous constituent quantity Is
not adequately determined for one or more
a real of observed contamination, assign
either the value from Table 2-6 or a value of
10. whichever Is greater, as the hazardoui
wuite quantity factor value.

2.4.3 Woite choracteritticf factor
catcj/ory value. Determine the waste
characteristics factor category value at
specified In section 2.4.3.1 for all pathways
and threats, except the surface water-human
food chain threat and the surface water-
environmental threat. Determine the waste
characteristics factor category value for thcie
l a t t er two IhrciiU HI specified in iccllon
2.4 .3 .2 .

2.4.3. 1 Factor category valui>. For the
pathway (or Ihrent) being evaluated, mult iply
Ihn inxlclty or combined factor value. in
appropriate, from incllon 2.4.1 .2 and the
har.i irdous waste qtmnllly factor vuluc from
•.pclinn 2.4.2.2. subject In a maximum product
nf 1 > 1(1". niisnd on this waste churuclcrlitlci
prodtir. l . assign n wiintn characteristics factor

S-(H I WO <X)«.7«)AK I .UDCC-W)- 1 1 2 . 1 :2 1 )

Waste characteristic* product

'0. ....... ............................................................
Great* than 0 to less than 10 . . . . . . . . . . . . . . . . . . .10 to !•»'* than 1 x 10'1 x 10" to less than 1 x 10« . . . . . . . . . . . . . . . . . . . . . . . . .i x 10* to !•** than 1 x 10« . . . . . . . . . . . . . . . . . . . . . . . . .1 x 104 to less than t x 10*i x 10* to toss than 1 x 10*. . . . . . . . . . . . . . . . . . . . . . . . .i *1 0*to toss than 1x 10 ' . . . . . . . . . . . . . . . . . . . . . . . . .1 x 10T to less than 1 x 10*1 x 10" to less than 1 x 10*i x 10* to less than 1 x 10'°1 x 10 ' ° to HIM than 1 x 10" . . . . . . . . . . . . . . . . . . . .1 x 10" to tot* than 1x10". . . . . . . . . . . . . . . . . . . .
1 x10'« . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Assignedvalue
TJ1
2
3
6
10
18
32
100
180
320
560

1,000

2.4.3.2 Factor category value, considering
bioaccumulation potential. For the surface
water-human food chain threat and the
surface water-environmental threat, multiply
the toxlcity or combined factor value, as
appropriate, from section 2.4.1.2 and the
hazardous waste quantity factor value from
section 2.4.2.2. subject to:

• A maximum product of 1 x 10"' . and
• A maximum product exclusive of the

bioaccumulation (or ecosystem
bioaccumulation) potential factor of 1 x 10*.

Based on the total wasle characteristics
product, assign a waste characteristics factor
category value to these threats from Table
2-7.

2.5 Targets.
The types of targets evaluated include the

following:
• Individual (factor name varies by

pathway and threat).
• Human population.
• Resources (these vary by pathway and

threat) .
• Sensitive environments (included for all

pathways except ground water migration).
The factor values thai may be assigned to

each type of target have the same range for
each pathway for which that type of target Is
evaluated. The factor value for most types of
targets depends on whether the large! is
subject to actual or potential contamination
for the pathway and whether the actual
contamination is Level I or Level II:

• Actual contamination: Target Is
associated either with a sampling location
t ha t meets the criteria for an observed
release (or observed contamination) for the
pathway or with an observed release based
on direct observation for the pathway
(additional criteria apply for establishing
actual contaminat ion for the human food
chain threat In tho surface water migration
pathway, see sections 4.1 .3.3 and 4.2.3.3) .
sect ions 3 through 6 specify how to determine
the targets associated with a sampling
locat ion or wilh an observed release based
on direct observation. Dntnrmlnc whether the
i ictual contaminat ion In Level I or Level II as
follows:

-Lnvol I:
- -Media-specif ic concentrations for the

liirgnl muni thn crllnrl i i for nn

F470l.FMT.. . [ 1B,30). . .7-08-88

observed release (or observed
contamination) for the pathway and
are at or above media-specific
benchmark values. These
benchmark values (see section
2.5.2) include both screening
concentrations and concentrations
specified in regulatory limits (such
as Maximum Contaminant Level

- -For the human food chain threat in
the surface water migration
pathway, concentrations In tissue
samples from aquatic human food
chain organisms are at or above
benchmark values. Such tissue
samples may be used in addition to
media-specific concentrations only
as specified in sections 4.1.3.3 and
4.2.3.3.

-Level II:
- -Media-specific concentrations for the

target meet the criteria for an
observed release (or observed
contamination) for the pathway, but
are less than media-specific
benchmarks. If none of the
hazardous substances eligible to be
evaluated for the sampling location
has an applicable benchmark.
assign Level II to the actual
contamination at the sampling
location, or

- -For observed releases based on
direct observation, assign Level II
to targets as specified In sections 3.
4, and 6. or

- -For the human food chain threat in
the surface water migration
pathway, concentrations in tissue
samples from aquatic human food
chain organisms, when applicable.
are below benchmark values.

-If a target is subject to both Level I and
Level II concentrations for a pathway
(or threat), evaluate the target using
Level I concentrations for lha'
pathway (or threat).

• Potential contamination: Target is
subject to a potential release (that is, target is
not associated with actual contamination for
that pathway or threat).

Assign a factor value for individual risk as
follows (select the highest value that applies
to the pathway or threat):

• 50 points if any Individual Is exposed to
Lovul I concentrations.

• 45 points If any individual Is exposed to
Level II concentrations.

• Maximum of 20 points If any Individual
Is subject to potential contamination. The
value assigned is 20 multiplied by the
distance or dilution weight appropriate to the
pathway.

Assign factor values for population and
sensit ive environments us follows:

• Sum Level I targets und multiply by 10.
(Lcvnl I is not used for sensitive
environments in the soil exposure and air
migration pathways.)

• Sum Level II targets .
• Multiply potential targets by dlslancu or

dilution weights appropriate to thn pathway.
num. and divide hy 10. Distance or di lut ion
weight ing accounts for diminishing exposure
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with increasing distance or dilution within
the different pathways.

• Sum the values for the three levels.
In addition, resource value points areassigned within all pathways for welfare-

related impacts (for example, impacts toagricultural land), but do not depend onwhether there is actual or potential
contamination.

2.5.1 Determination of level of actual
contamination at a sampling location.Determine whether Level I concentrations or
Level II concentrations apply at a samplinglocation (and thus to the associated targets)
as follows:• Select the benchmarks applicable to thepathway (or threat) being evaluated.
• Compare the concentrations ofhazardous substances in the sample (orcomparable samples) to their benchmark

concentrations for the pathway (or threat), asspecified in section 2.5.2.
• Determine which level applies based onthis comparison.
• If none of the hazardous substances

eligible to be evaluated for the sampling
location has an applicable benchmark, assign
Level II to the actual contamination at that
sampling location for the pathway (or threat).
In making the comparison, consider only

those samples, and only those hazardoussubstances in the sample, that meet the
criteria for an observed release (or observed
contamination) for the pathway, except:tissue samples from aquatic human food
chain organisms may also be used as
specified in sections 4.1.3.3 and 4.2.3.3 of the
surface water-human food chain threat. If any
hazardous substance is present in more thanone comparable sample for the sampling
location, use the highest concentration of that
hazardous substance from any of the
comparable samples in making the
comparisons.

Treat sets of samples that are not
comparable separately and make a separate
comparison for each such set.

2.5.2 Comparison to benchmarks. Use the
following media-specific benchmarks formaking the comparisons for the indicated
pathway (or threat):

• Maximum Contaminant Level Coals
(MCLGs) — ground water migration pathway
and drinking water threat in surface water
migration pathway. Use only MCLC values.

Maximum Contaminant Levels (MCLs) —
ground water migration pathway and
drinking water threat in surface water
migration pathway.
• Food and Drug Administration Action

Level (FDAAL) for fish or shellfish— human
food chain threat in surface water migration
pathway.

• EPA Ambient Water Quality Criteria
(AWQC) for protection of aquatic life —
environmental threat in surface watermigration pathway.

• EPA Ambient Aquatic Life Advisory
Concentrations (AALAC) — environmental
threat in surface water migration pathway.

• National Ambient Air Quality Standards
(NAAQS) — air migration pathway.
• National Emission Standards for

Hazardous Air Pollutants (NESHAPs) — air
migration pathway. Use only those NESHAPs
promulgated in ambient concentration units.
S-051999 0058(03XI3-DEC-90-11:23:26)

• Screening concentration for cancer
corresponding to that concentration that
corresponds to the 10~* individual cancer risk
for inhalation exposures (air migrationpathway) or for oral exposures (ground water
migration pathway: drinking water and
human food chain threats in surface water
migration pathway: and soil exposure
pathway).• Screening concentration for noncancer
toxicological responses corresponding to the
RfD for inhalation exposures (air migration
pathway) or for oral exposures (ground watermigration pathway; drinking water and
human food chain threats in surface water
migration pathway; and soil exposure
pathway).
Select the benchmark^) applicable to the

pathway (or threat) being evaluated asspecified in sections 3 through 6. Compare theconcentration of each hazardous substancefrom the sampling location to its benchmarkconcentration(s) for that pathway (or threat).
Use only those samples and only those
hazardoui substances in the sample that
meet the criteria for an observed release (or
observed contamination) for the pathway.
except: tissue samples from aquatic human
food chain organisms may be used as
specified in sections 4.1.3.3 and 4.2.3.3. If the
concentration of any applicable hazardous
substance from any sample equals or exceeds
its benchmark concentration, consider the
sampling location to be subject to Level I
concentrations for that pathway (or threat). If
more than one benchmark applies to the
hazardous substance, assign Level I if the
concentration of the hazardous substance
equals or exceeds the lowest applicablebenchmark concentration.
If no hazardous substance individually

equals or exceeds its benchmark
concentration, but more than one hazardous
substance either meets the criteria for an
observed release (or observed
contamination) for the sample (or comparable
samples) or is eligible to be evaluated for a
tissue sample (see sections 4.1.3.3 and 4.2.3.3),
calculate the indices I and J specified belowbased on these hazardous substances.

For those hazardous substances that are
carcinogens (that is, those having a
carcinogen weight-of-evidence classification
of A, B, or C), calculate an index I for the
sample location as follows:

C,
~sc|

where:
C| = Concentration of hazardous substance i

in sample (or highest concentration of
hazardous substance i from among
comparable samples).

SC, = Screening concentration for cancer
corresponding to that concentration that
corresponds to its 10"4 individual cancer
risk for applicable exposure (inhalation
or oral) for hazardous substance i.

n = Number of applicable hazardous
substances in sample (or comparable
samples) that are carcinogens and for
which an SC, is available.

For those hazardous substances for which
an RfD is available, calculate an index | for
the sample location as follows:

"

where:
C,=Concentration of hazardous substance j

in sample (or highest concentration of
hazardous substance j from amongcomparable samples).

CR,=Screening concentration for noncancer
toxicological responses corresponding toRfD for applicable exposure (inhalation
or oral) for hazardous substance j.m=Number of applicable hazardous
substances in sample (or comparable
samples) for which a CR, is available.

If either I or J equals or exceeds 1, consider
the sampling location to be subject to Level I
concentrations for that pathway (or threat). If
both I and) are less than 1. consider the
sampling location to be subject to Level II
concentrations for that pathway (or threat).
If, for the sampling location, there are sets of
samples that are not comparable, calculate Iand) separately for each such set. and use
the highest calculated values of I and ) to
assign Level I and Level II.
' See sections 7.3.1 and 7.3.2 for criteria for

determining the level of contamination for
radioactive substances.
3.0 Ground Water Migration Path way

Evaluate the ground water migration
pathway based on three factor categories:
likelihood of release, waste characteristics,
and targets. Figure 3-1 indicates the factors
included within each factor category.
Determine the ground water migration

pathway score (&„) in terms of the factor
category values as follows:

(LR) (WC) (T)
SF

where:
LR = Likelihood of release factor category

value.
WC = Waste characteristics factor category

value.
T = Targets factor category value.
SF = Scaling factor.
Table 3-1 outlines the specific calculation

procedure.
Calculate a separate ground water

migration pathway score for each aquifer,
using the factor category values for that
aquifer for likelihood of release, waste
characteristics, and targets. In doing so.
include both the targets using water from that
aquifer and the targets using water from all
overlying aquifers through which the
hazardous substances would migrate to reach
the aquifer being evaluated. Assign the
highest ground water migration pathway
score that results for any aquifer as the
ground water migration pathway score for
the site.
BILLING CODE 6S*O-SMI
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TABtE~3-i.—GROUND WATER MIGRATION PATHWAY SCORESHEET

Factor categories and factor*

likelihood ot RclnM to an Aquifer1 Observed Release . .... . . . . . . . . . , , . , , , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2. Potential to Release:
2b. Net Precipitation ...................................................................................................................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2c Depth to Aquifer
2e. Potential to Release [lines 2<>(2b t£c + 2d)]. ......................................................................................._...................................................3. likelihood of Release (higher of lines 1 and 2e).................................-......................................_.._............._._.._ ..........................................WMtc ChwYCteftatfcs!

4. Toxicity/Mobilily............................................... ..._............................._._.......................„_.._................ ......._..__......_......._.........................5 Hazardous Waste Quantity
8 Wasta rKarartoristir^

Targets:
7. Nearest Well . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..............................._...............................................................
6. Population:&a Level I Concentrations... .. ... . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............... m... ....................... _ ..... . . . . . _ ..„fN > | <tv*| | | ConcontraliorM , , . . . . . . . . . . . . . . . , , , . . . . . . . . , , , , , , . , . . . , . . , . . . . . , . . . , . . . . . . . . . . . , • - - - • - . • „ . . . . . . , . . . . , , , . , . . . . . . . . . . . . . . . , . . ,

9 Resources . . . . . . . . .... ... .... . ... . ... _ . .10 Wellhead Protection Area . _ . .. ....... __ ...... ..... .... _ . . _
11. Ta'gets (lines 7+8d+9+ 10)..... . . . . . . . . . . . . . . . . . . . ...._...........................................................„................-.._..........-.... ._..._...................................Ground Water Migration Score for an Aquifer
12. Aquifer Score ((lines 3 x6x 11)/82,500] '......._......................................................................................................_.._..._..._..............................Ground Water Migration Pathway Score:

Maximumvalue

550
10
10
5

35
500
550
(a)(a)100
50
(b)
0»(b)(b)
5

20
<b)
100
100

Valueassigned

• Maximum value applies to waste characteristics category."• Maximum value not applicable.' Do not round to nearest integer.

3.0.1 General considerations
3.0.1.1 Ground water target distance limit.

The target distance limit defines the
maximum distance from the sources at the
site over which targets are evaluated. Use a
target distance limit of 4 miles for the ground
water migration pathway, except when
aquifer discontinuities apply (see section3.0.1.2.2). Furthermore, consider any well with
an observed release from a source at the site'(see section"j.i.i) to'lie wiitiin the target
distance limit of the site, regardless of thewell's distance from the sources at the site.For sites that consist solely of a
contaminated ground water plume with no
identified source, begin measuring the 4-mile
target distancelimit at the center of the area
of observed ground water contamination.
Determine the area of observed ground water
contamination based on available samplesthat meet the criteria for an observed release.

3.0.1.2 Aquifer boundaries. Combine
multiple aquifers into a single hydrologic unit
for scoring purposes if aquifer
interconnections can be established for these
aquifers. In contrast, restrict aquifer
boundaries if aquifer discontinuities can be
established.

3.0.1.2.1 Aquifer interconnections.
Evaluate whether aquifer interconnections
occur within 2 miles of the sources at the site.
If they occur within this 2-mile distance,
combine the aquifers having interconnections
in scoring the site. In addition, if observed
ground water contamination attributable to
the sources at the site extends beyond 2 miles
from the sources, use any locations within the
l imits of this observed ground water
contamination in evaluating aquifer
inlurconnections. If data are not adequate to
establish aquifer interconnections, evaluate
the aquifers as separate aquifers.

3.0.1.2.2 Aquifer discontinuities. Evaluate
whether aquifer discontinuities occur within
the 4-mile target distance limit. An aquifer
discontinuity occurs for scoring purposes
only when a geologic, topographic, or other
structure or feature entirely transects an
aquifer within the 4-mile target distance limit,
thereby creating a continuous boundary toground water flow within this limit. If two or
more aquifers can be combined into a singlehydrologic unit for scoring purposes, anaquifer discontinuity occurs only when thestructure or feature entirely transects theboundaries of this single hydrologic unit.

When an aquifer discontinuity isestablished within the 4-mile target distancelimit, exclude that portion of the aquiferbeyond the discontinuity in evaluating theground water migration pathway. However, if
hazardous substances have migrated acrossan apparent discontinuity within the 4-miletarget distance limit, do not consider this tobe a discontinuity in scoring the site.

3.0.1.3 Karst aquifer. Give a karst aquifer
that underlies any portion of the sources at
the site special consideration in the
evaluation of two potential to release factors
(depth to aquifer in section 3.1.2.3 and travel
time in section 3.1.2.4), one waste
characteristics factor (mobility in section
3.2.1.2), and two targets factors (nearest well
in section 3.3.1 and potential contamination
in section 3.3.2.4).

3.1 Likelihood of release. For an aquifer,
evaluate the likelihood of release factor
category in terms of an observed release
factor or B potential to release factor.

3.1.1 Observed release. Establish an
observed release to an aquifer by
(Jymonstrating that the site has released a
hazardous substance to the aquifer. Base this
demonstration on either:

• Direct observation—a material that
contains one or more hazardous substances
has been deposited into or has been observed
entering the aquifer.
• Chemical analysis—an analysis of

ground water samples from the aquifer
indicates that the concentration of hazardous
substance(s) has increased significantly
above the background concentration for the
site (see section 2.3), Some nortion of the
significant increase must be attributable to
the site to establish the observed release,
except when the source itself consists of a
ground water plume with no identified
source, no separate attribution is required.
If an observed release can be established

for the aquifer, assign the aquifer an
observed release factor value of 550, enter
this value in Table 3-1, and proceed to
section 3.1.3. If an observed release cannot be
established for the aquifer, assign an
observed release factor value of 0, enter this
value in Table 3-1, and proceed to section
3.1.2.

3.1.2 Potential to release. Evaluate
potential to release only if an observed
release cannot be established for the aquifer.
Evaluate potential to release based on Tour
factors: containment, net precipitation, depth
to aquifer, and travel time. For sources
overlying karst terrain, give any karst aquifci
that underlies any portion of the sources at
the site special consideration in evaluating
depth to aquifer arid travel time, as specified
in sections 3.1.2.3 and 3.1.2.4.

3.1.2.1 Containment. Assign a
containment factor value from Table 3-2 lu
.each source at the site. Select the highest
' containment factor value assigned to those
sources with a source hazardous waste
quantity value of 0.5 or more (sue section
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2.4.2.1.5). (Do not include this minimum size
requirement in evaluating any other factor of
this pathway.) Assign this highest value as
the containment factor value for the aquifer
being evaluated. Enter this value in Table
3-1.If no source at the site meets the minimum
size requirement, then select the highest
value assigned to the sources at the site and

assign it as the containment factor value for
the aquifer being evaluated. Enter this value
in Table 3-1.

3.1.2.2 Net precipitation. Assign a net
precipitation factor value to the site. Figure
3-2 provides computed net precipitation
factor values, based on site location. Where
necessary, determine the net precipitation
factor value as follows:

• Determine monthly precipitation and
monthly evapotranspiration:

-Use local measured monthly averages.
-When local data are not available, use

monthly averages from the nearest
National Oceanographic and
Atmospheric Administration weather
station that is in a similar geographicsetting.

TABLE 3-2.—CONTAINMENT FACTOR VALUES FOR GROUND WATER MIGRATION PATHWAY
Source

All Source* (Except Surface Impoundment*, Land Treatment, Container*, and Tank*)
Evidence of hazardous substance migration from source area (i.e., source area includes source and anyassociated containment structures).
No liner.........................................................................................................................................................................................
No evidence of hazardous substance migration from louroe area, a liner, ant.

(a) None of the following present (1) maintained engineered cover, or (2) functioning and maintained run-oncontrol system and runoff management system, or (3) functioning leachate collection and removal systemimmediately above liner.
(b) Any one of the three items in (a) present.....................................................................................................................
(c) Any two of the item* in (a) present.................................................................................................................................(d) All three item* in (a) present plus a functioning ground water monitoring system...................................................
(e) All items in (d) present, plus no bulk or non-containerized liquids nor materials containing free liquidsdeposited in source area.

No evidence of hazardous substance migration from source area, double Nner with functioning leachate collectionand removal system above and between liners, functioning ground water monitoring system, amf.
(f) Only one of the following deficiencies present in containment (1) bulk or noncontainerized liquids or
materials containing free liquids deposited in source area, or (2) no or nonfunctioning or nonmaintained run-
on control system and runoff management system, or (3) no or nonmaintained engineered cover.

(g) None of the deficiencies in (f) present..........................................................................................................................
Source area inside or under maintained inlact structure that provides protection from precipitation so that neitherrunoff nor leachate is generated, liquids or materials containing free liquids not deposited in source area, andfunctioning and maintained run-on control present

Surface Impoundment
Evidence of hazardous substance migration from surface impoundment...........................................................................
No liner.........................................................................................................................................................................................
Free liquids present with either no diking, unsound diking, or diking that is not regularly inspected and maintained..
No evidence of hazardous substance migration from surface impoundment free liquids present sound diking thatis regularly inspected and maintained, adequate freeboard, and:

(a) Liner...................................................................................................................................................................................
(b) Liner with functioning leachale collection and removal system below liner, and functioning ground watermonitoring system.
(c) Double liner with functioning leachate collection and removal system between liners, and functioning groundwater monitoring system.

No evidence of hazardous substance migration from surface impoundment and all free liquids eliminated atclosure (either by removal of liquids or solidification of remaining wastes and waste residues).
Land Treatment

Evidence of hazardous substance migration from land treatment zone.............................................................................

Assigned value

No evidence of hazardous substance migration from land treatment zone arxt.
(a) Functioning and maintained run-on control and runoff management system............................................... ...........
(b) Functioning and maintained run-on control and runoff management system, and vegetative coverestablished over entire land treatment area.
(c) Land treatment area maintained in compliance with 40 CFR 264.280.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

10
10
10

10
10
10

Evaluate using All source* criteria (with no oulkor free liquid deposited).

10
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^ TABte 3^2.—CONTAINMENT FAGTOR-VALOES FOR GROUND WATER MIGRATION PATHWAY—Continued

Source Assigned value
Container*

All containers buried....._.............„....._............._............................................................................................-......................-Evidence of hazardous substance migration from container area (i.e.. container area includes containers and anyassociated containment structures).No liner (or no sisenttaHy impervious base) under container area..............................—.....———.............—.....——No diking (or no similar structure) surrounding container area...——..—...................._.....—-.——...-.——-—........Diking surrounding container area unsound or not regularly inspected and maintained......————..——......———No evidence of hazardous substance migration from container area, container area surrounded by sound dikingthat la regularly inspected and maintained. «nrt(a) Liner (or esasntMry impervious base) under container area _...................................._................_............_(b) Essentially impervious base under container area with liquids collection and removal system.—...—.——.(c) Containment system Includes essentially Impervious base, liquids collection system, sufficient capacity tocontain 10 percent of volume of all containers, and functioning and maintained run-on control; plusfunctioning ground water monitoring system, and spilled or leaked hazardous substances and accumulatedprecipitation removed in timely manner to prevent overflow of collection system, at least weekly inspection ofcontainers, hazardous substances ta leaking or daterioraling containers transferred to containers in goodcondition, and containers sealed swept when waste Is added or removed.(d) Free iquldi preî jxintaJriment eyslem has sufficient capacity to hoM total volume of at) •containers and'- -to 'Provide edaqueJa' freeboard, ajnyto'-lner under container area* with functioning -leachate -collection andremoval system below Inaf, and functtorHng ground water monitoring system.(e) Same as (d) except double liner under container area with functioning leachate collection and removalsystem between sners.Containers inside or under maintained intact structure that provides protection from precipitation so that neitherrunoff nor leachate would be generated from any unsealed or ruptured containers, liquids or materialscontaining free squids not deposited in any container, and functioning and maintained run-off control presentNo evidence of hazardous substance migration from container area, containers leaking, and all tree liquidseliminated at closure (either by removal of liquid or solidification of remaining wastes and waste residues).
Tank

Below-ground tank....._...................................................................................................—......................................................Evidence of hazardous substance migration from tank area (i.e.. tank area includes tank, ancillary equipmentsuch as piping, and any associated containment structures).Tank and ancillary equipment not provided with secondary containment (e.g., liner under tank area, vault system.double wall).No diking (or no similar structure) surrounding tank and ancillary equipment....................................................................Diking surrounding tank and ancillary equipment unsound or not regularly Inspected and maintained..........................No evidence of hazardous substance migration from tank area, tank and ancillary equipment surrounded bysound diking that is regularly inspected and-maintained, ant.(a) Tank and ancillary equipment provided with secondary containment

Evaluate using All criteria.

(b) Tank and ancillary equipment provided with secondary containment with leak detection and collectionsystem.'(til Turin -w* -ffisMmry wpjvnwli -proMMfc-wltii -»« ît»aya^t(wmî >̂ y<tfm.n)«,̂ f î!,<uî ^nit«tcis.̂ n«d.or leaked hazardous substances and accumulated precipitation and has sufficient capacity to contain 110percent of volume of largest tank within containment area, spilled or leaked hazardous substances andaccumulated precipitation removed In timely manner, at least weekly, inspection of tank and secondarycontainment system, ad leaking-or unffl-for-use tank systems promptly responded to, and functioning groundwater monitoring system.(d) Containment system has sufficient capacity to hold volume of all tanks within tank containment area and toprovide adequate freeboard, single liner under that containment area with functioning leachate collection andremoval system below liner, and functioning ground water monitoring system.(e) Same as (d) except double Hner under tank containment area with functioning leachate collection andremoval system between liners.
Tank is above ground, and inside or under maintained intact structure that provides protection from precipitationso that neither runoff nor leachate would be generated from any material released from tank, liquids ormaterials containing free liquids not deposited in any tank, and functioning and maintained run-on controlpresent

10
10
10
10

Evaluate using All sources criteria (with no bulkor free liquid deposited).

Evaluate using All sources criteria.
10
10
10
10

BILLING CODE 6S6O-SO-4I
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-When measured monthly

evapotranspiration is not available,
calculate monthly potential
evapotranspiration (E,) as follows:
Ei = 0.6F 1(10T,/l) '
where:
E, = Monthly potential

evapotranspiration (inches) for
month i.

F, = Monthly latitude adjusting value
for month i.

Ti=Mean monthly temperature (°C)
for month i.

1= IfT./S)

' I'+8 = 6.75X10'' I1- 7.71X10-
1.79X10-' 1+0.49239

Select the latitude adjusting value for each
month from Table 3-3. For latitudes lower
than SO* North or 20' South, determine the
monthly latitude adjusting value by
interpolation.
• Calculate monthly net precipitation by

subtracting monthly evapotranspiration (or

monthly potential evapotranspiration) from
monthly precipitation. If evapotranspiration
(or potential evapotranspiration) exceeds
precipitation for a month, assign that month a
net precipitation value of 0.
• Calculate the annual net precipitation by

summing the monthly net precipitation
values.

• Based on the annual net precipitation.
assign a net precipitation factor value from
Table 3-4.

Enter the value assigned from Figure 3-2 or
from Table 3-4. as appropriate, in Table 3-1.

TABLE 3-3.—MONTHLY LATITUDE ADJUSTING VALUES'
Latitude »(degrees)

>50 N
45 N
40 N
35 N
30 N
20 N
10 N

0
10 S
20 S

Jan.

0.74
0.80
0.64
0.87
0.90
0.95
1.00
1.04
1.08
1 . 14

Feb.
0.78
0.81
0.83
0.85
087
0.90
091
094
0.97
099

March

1.02
1.02
1.03
1.03
1.03
1.03
1.03
1.04
1.05
1.05

Apr*.
1 . 15
1 . 13
1 . 1 1
1.09
1.08
1.05
1.03
1.01
0.99
0.97

May
.33
.28
.24
.21
. 18
.13
.08
.04
.00

0.96

Mo
June

1.361.291.251.21
1 . 17
1 . 1 1
1.06
1.01
0.96
0.91

nth
July

1.37
1.31
1.27
1.23
1.20
1.14
1.08
1.04
1.00
0.95

August
1.25
1.21
1.18
1.18
1 . 14
1 . 11
1.07
1.04
1.02
0.99

Sept

1.06
1.04
1.04
1.03
1.03
1.02
1.02
1.01
1.00
1.00

Ocl
0.92
0.94
0.96
0.97
0.98
1 00
102
104
1 06
1 08

Nov.

0.76
0.79
0.83
0.89
0.89
0.93
0.98
1.01
1 .05
1 .09

Dec.

0.70
0.75
0.81
0.85
0.88
0.94
0.99
1.04
1.09
1 . 1 5

•Do not round to nearest tntooer.' For unlisted latitudes lower than 50' North or 20' South, determine the latitude adjusting value by interpolation.
TABLE 3-4.—NET PRECIPITATION FACTOR

VALUES
Net precipitation (inches)

o.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Greater man 0 to 5 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Greater than 5 to 15 _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Greater than 15 to 30 ................................Greater than 30 ........_................................

Assignedvalue
01
3
6
10

3.1.2.3 Depth to aquifer. Evaluate depth
to aauifer bv determining, the depth from the
lowest known point of hazardous substances
at a site to the top of the aquifer beingevaluated, considering all layers in that
interval. Measure the depth to an aquifer as
the distance from the surface to the top of the
aquifer minus the distance from the surfaceto the lowest known point of hazardoussubstances eligible to be evaluated for thataquifer. In evaluating depth to aquifer inkarst terrain, assign a thickness of 0 feet to a
karst aquifer that underlies any portion of the
sources at the site. Based on the calculated
depth, assign a value from Table 3-5 to thedepth to aquifer factor.

Determine the depth to aquifer only at
locations within 2 miles of the sources at the
s ite , except: if observed ground water

contamination attributable to sources at the
site extends more than 2 miles beyond these
sources, use any location within the limits of
this observed ground water contamination
when evaluating the depth to aquifer factor
for any aquifer that does not have an
observed release. If the necessary geologic
information is available at multiple locations,
calculate the depth to aquifer at each
location. Use the location having the smallest
depth to assign the factor value. Enter this
value in Table 3-1.
TABLE 3-5.—DEPTH TO AQUIFER FACTOR

top of the aquifer being evaluated. Assign a
value to the travel time factor as follows.

• If the depth to aquifer (see section 3.1 .2.3J
is 10 feet or less, assign a value of 35.
• If, for the interval being evaluated, all

layers that underlie a portion of the sources
at the site are karst, assign a value of 35.
• Otherwise:
-Select the lowest hydraulic conductivity

layer(s) from within the above interval.
Consider only layers at least 3 feet
thick. However, do not consider layers
or portions of layers within the first 10
feet of the depth to the aquifer.

Depth to aquifer • (feet)

Greater than 25 to 250..............................
Greater than 250........................................

Assignedvalue
5
31

• Use depth of aN layers between the hazardoussubstances and aquifer. Assign a thickness of 0 feetto any karst aquifer that underlies any portion of thesources at the site.
3.1.2.4 Travel time. Evaluate the travel

time factor based on the geologic materials in
the interval between the lowest known point
of hazardous substances at the site and the

individual layers from Table 3-6 or
from in-situ or laboratory tests. Use
representative, measured, hydraulic
conductivity values whenever
available.

-If more than one layer has the same
lowest hydraulic conductivity, include
all such layers and sum their
thicknesses. Assign a thickness of 0
feet to a karst layer that underlies any
portion of the sources at the site.

-Assign a value IromTa'b'le "3-7 to the
travel time factor, based on the
thickness and hydraulic conductivity
of the lowest hydraulic conductivity
layer(s).
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TABLE 3-6.—HYDRAULIC CONDUCTIVITY OF GEOLOGIC MATERIALS

Type of material
Assignedhydraulicconductivity •(cm/ sec)

Clay, km permeebaty Nil (compact untractured till): shale; unfradurad metamorphic and Igneous r o c k s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10" •
Sill: loesses: silty clays: sediments thai are predominantly silts; moderately permeable till (line-grained, unconsolidated till, or compact till with
some fractures); low parmeabHHy limestones and dolomites (no karvt): tow permeability sandstone: low permeability fractured igneous and
metamorphic r o c k s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , 10" 'Sands; sandy silts: sediments that are predominantly sand: nighty permeable tin (coarse-grained, unconsolidated or compact and highly Iractured);
neat; moderately permeable limestones and dolomites (no karst): moderately permeable sandstone: moderately permeable fractured igneous
* n d melamorphic rocks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0 " 'Gravel; clean sand: highly permoable fractured igneous and melamorphic rocks: permeable basalt: karst limestones and dolomites . . . . . . 10 '

' Do not round to nearest integer
TABLE 3-7 —TRAVEL TIME FACTOR VALUES •

Hydraulic conductivity (cm/sec)

Less than 10 ' Mo 1 0 " ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Less than 1 0 ' ' t o 10 'V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
l*ss than 1 0 ' . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Thickness ol lowestlayer(s)
Greater
than 3 to5

35
35
15
5

Greaterthan 5 lo100

35
25
15
5

lydraulic conductivity' (feel)
Greater ,, _._,,,„ inn Greaterthan 100 lh^ „,-10500 ! Inan50°

35 25
15 1 15
5 | 5i ; 1i

35 • il depth to aquifer is 10 leet or 'ess or if. for the interval being evaluated, all layers that underlie a portion of the sources at the site are karsl. assign a value ol
* Consider only layers at least 3 leei .nick Do not consider layers or portions ol layers within the lirsl 10 leet ol the depth lo the aquifer

Determine travel time only at locations
within 2 miles of the sources at the site
except: if observed ground water
contamination attributable to sources at the
site extends more than 2 miles beyond thise
sources, use any location within the limit* of
this observed ground water contamination
when evaluating the travel time factor for any
aquifer that does not have an observed
release. If Ihc necessary subsurface geologic
information is avai lable at multiple locations.
evaluate Ihe travel time factor at each
location. Use Ihe locution having Ihe highest
travel lime factor value to assign Ihe factor
value for the aquifer . Enter this value in
Table 3-1.

3 . 1 . 2 .0 Calculation of potential to release
factor value. Sum Ihe factor values for nel
prec ip i tat ion, depth lo aquifer, and trave l
lime, and mult iply this sum by the factor
value for conta inment . Assign th is product as
aquifer Enter thi« value In Table 3-1

3 . 1 .3 Calculation of likelihood of release
factor calnfiory value. If an observed release
is establ i shed for an aquifer, assign liie
observed re lease fi ictor va lue of 550 as Ihe

likelihood of release factor category value for
thai aquifer. Otherwise, assign Ihe potential
to release factor value for that aquifer as the
likelihood of release value. Enter the value
assigned in Table 3-1.

3.2 Wnntn charactorittit:*. Eviiliwio lhi>
waste characteristics factor category for an
aquifer based on two factors: toxici ly/
mobility and hazardous waste quantity.
Evaluate only those hazardous substances
available to migrate from the sources at the
s i te to ground water. Such hazardous
substar-cs include:

• Hft~^:dous substances that meet the
criteria for an observed release to ground
water.

• All hazardous substances associated
with a source that has a ground water
conta inment factor value greater than 0 (see
sect ions 2 .2 .2 . 2.2.3. and 3 . 1 .2 . 1 ) .

3 .2 . 1 Toxicity/mobility. For each
vulue . a mobil ity factor value, and a
combined toxicity/mobility factor value us
specified in Ihe following sections. Select Ihe
lox ic i ty/mobi l i ty factor value for the aquifer
being eva luated as specified in section 3 .2 . 1 .3 .

3.2.1 .1 Toxicity. Assign H toxicily factor
value to each hazardous substance as
specified in Section 2 .4 . 1 . 1

3 .2 . 1 .2 Mobility. Assign a mobil ity factor
value to each hazardous substance for the
aquifer being evaluated as follow*

• For any hazardous substance thai meets
the criteria for an observed release by
chemical analysis lo one or more aquifers
underlying Ihe sources at the s i te , regardless
of Ihe aquifer being evaluated assign a
mobility factor value of 1.

• For any hazardous substance that does
not meet Ihe criteria for an observed release
by chemical analysis lo at leant one of the
aquifers, assign that hazardous substance a
mobility factor value from Table 3-6 for Ihc
aquifer being evaluated, bused on its water
solubil ity and distr ibut ion coefficient (K d )• If the hazardous substance cannol be
assigned a mobi l i ty factor vulue because dalu
on its water solubility or distribution
coefficient are not avai lab le , use other
hazardous substances for which information
is ava i lab le in eva luat ing the pathway

TABLE 3-8.—GROUND WATER MOBILITY FACTOR VALUES •

Water solubility (mg/l)
Karat •

Dislnbulion coefficient (K,) (ml/g)
I I I - 1 0 1 0

• ' 1000

Present as liquid"
Greater than 100
Greater than 1 lo 100
Greater thin 001 lo 1
Les* than or equal lo 0 01

•"[JO not rou.iO lo noarosi integer
* IJ«o il Iho h«»r(lou« «ut>«l«nco is p<o«onl or ri«po»ln<! Hi a liquid
' USB il Ihe onine interval Iron- Ihe source lo Ihe aquilor being ovalualod is harsl

0 2
0002

I
I

0 2
000?
2«10 '

0 0 1
0 0 1

0002
2 x 1 0 *
2 . 1 0 '

. 1.000

00001
00001
2 x 10 -
2x 10 '
2 x 10 "

F4~ni f'MT Mn tnl " nn n
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• If none of the hazardous substances

eligible to be evaluated can be assigned a
mobility factor value, use a default value of
0.002 as the mobility factor value for all these
hazardous substances.

Determine the water solubility to be used
in Table 3-8 for the hazardous substance asfollows (use this same water solubility for all
aquifers):

• For any hazardous substance that does
not meet the criteria for an observed release
by chemical analysis, If the hazardoussubstance is present or deposited as a liquid,use the water solubility category "Present as
Liquid" in Table 3-6 to assign the mobility
factor value to that hazardous substance.
• Otherwise:

-For any hazardous substance that is ametal (or metalloid) and that does not
meet the criteria for an observed
release by chemical analysis, establisha water solubility for the hazardoussubstance as follows:

- -Determine the overall range of water
solubilities for compounds of thishazardous substance (consider all
compounds for which adequate
water solubility information is
available, not just compounds
identified as present at the site).

- -Calculate the geometric mean of the
highest and the lowest water
solubility in this range.

- -Use this geometric mean as the water
solubility in assigning the
hazardous substance a mobility
factor value from Table 3-6.

-For any other hazardous substance
(either organic or inorganic) that does
not meei'ine criteria'tor an doserveci

release by chemical analysis, use the
water solubility of that hazardoussubstance to assign a mobility factor
value from Table 3-8 to the hazardous
substance.

For the aquifer being evaluated, determine
the distribution coefficient to be used in '
Table 3-8 for the hazardous substance as
follows:
not meet the criteria for an observed releaseby chemical analysis, if the entire interval
from a source at the site to the aquifer beingevaluated is karst, use the distribution
coefficient category "Karat" in Table 3-8 in
assigning the mobility factor value for that
hazardous substance for that aquifer.
• Otherwise:

-For any hazardous substance that is a
metal (or metalloid) and that does not
meet the criteria for an observed
release by chemical analysis, use the
distribution coefficient for the metal or
(metalloid) to assign a mobility factor
value from Table 3-8 for that
hazardous substance.

-For any other inorganic hazardous
substance that does not meet the
criteria for an observed release bychemical analysis, use the distribution
coefficient for that inorganic
hazardous substance, if available, to
assign a mobility factor value from
Table 3-8. If the distribution coefficient
is not available, use a default value of
"less than 10" as the distribution
coefficient, except: for asbestos use a
default value of "greater than 1,000" as
ine Qistfiouiion coefficient.

-For any hazardous substance that is
organic and that does not meet the
criteria for an observed release by
chemical analysis, establish a
distribution coefficient for that
hazardous substance as follows:

- -Estimate the K« range for the
hazardous substance using the
following equation:

where:
K« = Soil-water partition coefficient

for organic carbon for the
hazardous substance.

f, = Sorbent content (fraction of
clays plus organic carbon) in
the subsurface.

- -Use f. values of 0.03 and 0.77 in the
above equation to establish the
upper and lower values of the K«
range for the hazardous substance.

- -Calculate the geometric mean of the
upper and lower Kt range values.
Use this geometric mean as the
distribution coefficient in assigning
the hazardous substance a mobility
factor value from Table 3-8.

3.2.1.3 Calculation of toxicity/mobility
factor value. Assign each hazardous
substance a toxicity/mobility factor value
from Table 3-0. based on the values assigned
to the hazardous substance for the toxicity
and mobility factors. Use the hazardous
substance with the highest toxicity/mobility
factor value for the aquifer being evaluated to
assign the value to the toxicity/mobility
factor for that aquifer. Enter this value in

TABLE 3-9.—TOXICITY/MOBILITY FACTOR VALUES •
Toxicity factor value

1 .0
0.2
0.01

0.002
0.0001
2x10- *
2x10''
2x10-"

10,000

10.000
2,000
100
20
1

0.2
0.002
2x10"'

1,000

1,000
200
10
2

0.1
0.02

2x10-«
2x10-«

100

100
201
0.2
0.01

0.002
2x10-'
2x10-'

10

10
2

0.1
0.02

0.001
2x10-'
2x10-'
2x10-'

1

1
0.2
0.01

0.002
1 x 10 ~ 4

2x10 ' »
2x 10- '
2x10" '

0

0
0
0
0
0
0
0
0

• Do not round to nearest integer.

3.2.2 Hazardous waste quantity. Assign a
hazardous waste quantity factor value for the
ground water pathway (or aquifer) as
specified in section 2.4.2. Enter this value in
Table 3-1.

3.2.3 Calculation of waste characteristics
factor category value. Multiply the toxicity/
mobility and hazardous waste quantity factor
values, subject to a maximum product of
1 x 10 * . Based on this product, assign a value
from Table 2-7 (section 2.4.3.1) to the waste
characteristics factor category. Enter this
value in Table 3-1.

3.3 Targets. Evaluate the targets factor
category for an aquifer based on four factors:

nearest well, population, resources, and
Wellhead Protection Area. Evaluate these
four factors based on targets within the target
distance limit specified in section 3.0.1.1 and
the aquifer boundaries specified in section
3.0.1.2. Determine the targets to be included
in evaluating these factors for an aquifer as
specified in section 3.0.

3.3.1 Nearest we/1. In evaluating the
nearest well factor, include both the drinking
water wells drawing from the aquifer being
evaluated and those drawing from overlying
aquifers as specified in section 3.0. Include
standby wells in evaluating this factor only if

they are used for drinking water supply at
least once every year.

If there is an observed release by direct
observation for a drinking water well within
the target distance limit, assign Level II
concentrations to that well. However, if one
or more samples meet the criteria for an
observed release for that well, determine if
that well is subject to Level I or Level II
concentrations as specified in sections 2.5.1
and 2.5.2. Use the health-based benchmarks
from Table 3-10 in determining the level of
contamination.

Assign a value for the nearest well factor
as follows:
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• -If one or more, drinking-water wellt it .subject to Level! concentration*, assign a

value of SO.• If not. but if one or more drinking waterwells is subject to Level II concentrations,
assign a value of 45.• If none of the drinking water wells issubject to Level I or Level II concentrations,
assign a value as follows:-If one of the target aquifers is a karataquifer that underlie* any portion ofthe sources at die site and any welldraws drinking water from this karataquifer within the target distance limit,assign a value of 20.-If not,, determine the shortest distanceto any drinking water well, asmeasured'from any source at the sitewith a ground water containmentfactor value greater than. 0. Select avalue from Table 3-11 based on thisdistance. Astign.it at the value for thenearest well factor.Enter the value assigned to the nearest well
factor in Table 3-1.
TABLE 3-10.—HEALTH-BASED BENCH-MARKS FOR HAZARDOUS SUBSTANCESIN DRINKING WATER
• Concentration corresponding to Maximum Con-taminant Level (MCL).• Concentration comNpondng to a nonzero Maxi-mum Contaminant Level Qoal (MCLG).Screening ito l ncentnton tor cancer correspondingmiration ttat correapond* to the 10 •indMdual cancer risk lor oral exposures.• Screening concentration tor noncancer toxicotogi-cal response* eorrespcmdhg to the ReferenceDose (RID) tor oral exposure*.

TABLE 3-11.—NEAREST WELL FACTORVALUES
Distance trom source (mMes)

Level 1 concentrations*..................... _ ..Level II concentrations*..... ............... . ._.. ..0 to V4 ........ _ ....... ______ _ .__....Greater than K to Vi. _ . ___ . _ ......Greater than Vfc to 1 ......... _ ...„...._..._....Greater than 1 to 2 ....Greater than 2 to 3 _ __Greater than 3 to 4 _ . ____ __ ....Greater than 4 _ . _ ............ ___ . _ ..

**"
50
45
20
18
9
5
2
0

' Distance does not apply.
3.3.2 Population. In evaluating the

population factor, include those personsserved by drinking water wells within thetarget distance limit specified in lection
3.0.1.1. For the aquifer being evaluated, countthose person* served by wells in that aquiferand those persons served by wells inoverlying aquifers as specified in section 3.0.
Include residents, students, and workers who

regularly use the water. Exclude-transient
population* such as customers and travelers
passing through the area. Evaluate the
population bated on the location of the watersupply wellt, not on the location ofresidences, work placet, etc. When a standbywell i* maintained on a regular basis so that
water can be withdrawn, include it in
evaluating the population factor.In estimating residential population, whenthe estimate it bated on the number ofresidences, multiply each residence by theaverage number of persons per residence forthe county in which the residence it located.In determining the population served by awell if the water from the well it blendedwith other water (for example, water fromother ground water wells or surface waterintakes), apportion the total populationregularly served by the blended system to thewell baked on the well't relative contribution• to the total blended system. In estimating thewell't relative contribution, assume each welland intake contributes equally and apportionthe population accordingly, except- if therelative contribution of any one well or
intake exceeds 40 percent based on averageannual pumpage or capacity, estimate therelative contribution of the wellt and intake*considering the following data, if available:• Average annual pumpage from the groundwater wellt and surface water intakes in theblended system.• Capacities of the wellt and intakes in theblended system.

For systems with standby ground water
wellt or standby surface water intakes,apportion the total population regularly
served by the blended system at described
above, except• Exclude standby surface water intakes in
apportioning the population.• When using pumpage data for a standbyground water wall, use average pumpage forthe period during which the ttandby well is.used rather than average annual pumpage.• For that portion of the total populationthat could be apportioned to a standby
ground water well, assign that portion of the
population either to that standby well or tothe other ground water well(s) and surfacewater intake(s) that serve that population; do
not assign that portion of the population bothto the standby well and to the other well(s)and intake(s) in the blended system. Use theapportioning that results in the highest
population factor value. (Either include allstandby well(s) or exclude some or all of the
standby well(s) as appropriate to obtain thishighest value.) Note that the specific standby
well(s) included or excluded and, thus, thespecific apportioning may vary in evaluating
different aquifers and in evaluating thesurface water pathway.

3.3.2.1 Level of contamination. Evaluate
the population served by water from a pointof withdrawal based on the level of

contamination for that point of withdrawal.
"Use the applicable factor Level I
concentrations. Level II concentrations, or
potential contamination.
If no samples meet the criteria for an

observed release for a point of withdrawal
and there is no observed release by direct
observation for that point of withdrawal,
evaluate that point of withdrawal using the
potential contamination factor in section
3.3.Z4. If there it an observed release bydirect observation, use Level n
concentrations for that point of withdrawal.
However, if one or more samples meet the. criteria for an observed release for the point
of withdrawal, determine which factor (Level
I or Level n concentrations) applies to that
point of withdrawal at specified in sections
2JJ.1 and U.2. Use the health-batedbenchmarks from Table 3-10 in determining..- the level of contamination. Evaluate the pointof withdrawal using the Level I
concentrations factor in section 3.3.2.2 or the
Level n concentrations factor in section
3.3.2.3, at appropriate.

For the potential contamination factor, use
population ranges in evaluating the factor as
specified lit section 3.3.2.4. For the Level I and
Level n concentrations factors, use the
population estimate, not population ranges, in
evaluating both factors.

3.3.Z2 Level I concentrations. Bum the
number of people served by drinking water
from points of withdrawal subject to Level I
concentrations. Multiply this sum by 10.
Assign this product as the value for this
factor. Enter this value in Table 3-1.

3.3.2.3 Level II concentrations. Sam the
number of people served by drinking water
from points of withdrawal subject to Level II
concentrations. Do not Include those peoplealready counted under the Level I
concentrations factor. Assign this sum as the
value for this factor. Enter this value in Table
3-1.

3.3.2.4 Potential contamination.
Determine the number of people served by
drinking water from points of withdrawal
subject to potential contamination. Do not
include those people already counted under
the Level I and Level II concentrations
factors.
Assign distance-weighted population

values from Table 3-12 to this population as
follows:

• Use the "Kant" portion of Table 3-12 to
assign values only for that portion of the
population served by points of withdrawal
that draw drinking water from a karst aquifer
that underlies any portion of the sources at
the site.

-For this portion of the population,
determine the number of people
included within each "Karst" distance
category in Table 3-12.
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TABLE 3-12.—DISTANCE-WEIGHTED POPULATION VALUES FOR POTENTIAL CONTAMINATION FACTOR FOR GROUND WATER MIGRATION

PATHWAY •

Distance category (miles)

Other Than Karate
0 to Vilireater tnan 'ft"*"**...............................?Greater than V4 to 1 .................................Greater then 1 to 2Greater than 2 to 3. _ ................ ..............Greater than 3 to 4. ___ ...__...._.. _ ..
Karat <:o to %__. .... _ .. __ ....... _ ....... __Greater man V« to (*._.._.....__.......__..Greater then Vi to 1 __ ... __ ._......„.Greater (hen 1 to 2._. ___ ~. __ ._._Greater Inan 2 to 3 ——._._., _ ._ _Greater than 3 to 4_ __ _. _ . ——

0

0TJ
0
0
0
0

0
0
0
00
0

1to10

4
Tf
1

07
O.S
0.3

4
2
2
2
2
2

11to30

17n
5
3
2
1

17
11
9
00
9

31to100

53
•»
17
10
7
4

53
33
26
26
26
26

101to300

164
TUfc
5230
21
13

164
102
82
82
82
82

f>
301 to1,000

522
Tfl»167

94
66
42

522
324
261
261 .261
261

lumber of
1.001to3.000

1633*i;uVj
523
294
212
131

1.6331,013
617617
617
817

people will
3,001 to10.000

5.214T£2&
1669
939
678
417

W14
3.233
2,807
2.6072,607
2,607

withxfnti
10.001to30.000

16J25•furflft5.2242.839
2.122
1,306

16,325
10,122
6.163
8.163
8.163
8.163

IOCS MtJflO)

30.001 to100.000

52.137
"3C££>
16,664
9.385
6.778
4.171

52,137
32425
26.088
260)6626.068
26.068

y
100.001to300.000

163246-rtftaro52JJ39
29.384
21,222
13,060

16M46
101,213
et.683
81.629
81JB2981.623

300,001 to1.000,000

521 360
*3Z£tfO
166.635
•3445
67.777
41.709

521.360
323,243
260480880.680
280,680

1.000,001to3.000.000

1.632.455
'iVTi.-fiC;

522.385
293.842
212.219
130.596

1,632,455
1,012,122
616.227
B16.227
816,227
816.227

• Round the numb* of (wool* present within • distance category to nearest Integer. Do not round theinteger.' Use for all aquifers, except karat aquifers underlying any portion of the sources at the site.• Use only tor karat aquifers underlying any portion of the sources at the site.

distance-weighted population value to nearest

-Assign a distance-weighted population
value for each distance category basedon the number of people includedwithin the distance category.

• Use the "Other Than Kant" portion ofTable 3-12 for the remainder of thepopulation served by points of withdrawalsubject to potential contamination.
-For this portion of the population,determine the number of peopleincluded within each "Other Than
Kant" distance category in Table 3-12.-Assign a distance-weighted populationvalue for each distance category basedon the number of people includedwithin the distance category.

Calculate the value for the potentialcontamination factor (PC) as follows:

PC=» —
n2

10 i=l
(W.+KJ

where:
W,=Distance- weigh ted population from

"Other Than Karat" portion of Table 3-12for distance category i.K,=Distance-weighted population from
"Karat" portion of Table 3-12 for
distance category i.n=Number of distance categories.

if PC is less than 1, do not round it to thenearest integer, if PC is 1 or more, round tothe nearest integer. Enter this value in Table
3-1.

3.3.2.5 Calculation of population factor
value. Sum the factor values for Level I
concentrations. Level II concentrations, and
potential contamination. Do not round this
sum to the nearest integer. Assign this sum as
the population factor value for the aquifer.
Enter this value in Table 3-1.

3.3.3 Resources. To evaluate the
resources factor, select the highest value
specified below that applies for the aquifer
being evaluated. Assign this value as the

resources factor value for the aquifer. Enter
this value in Table 3-1.Assign a resources value of 5 if water
drawn from any target well for the aquiferbeing evaluated or overlying aquifers (asspecified in section 3.0) is used for one or
more of the following purposes:
• Irrigation (5-acre minimum) of

commercial food crops or commercial forage
crops.
• Watering of commercial livestock.
• Ingredient in commercial food

preparation.
• Supply for commercial aquaculture.• Supply for a major or designated waterrecreation are*, excluding drinking water use.
Assign a resources value of 5 if no drinkingwater wells are within the target distancelimit, but the water in the aquifer beingevaluated or any overlying aquifers (as

specified in section 3.0) is usable for drinking
water purposes.
Assign a resources value of 0 if none of the

above applies.
3.3.4 Wellhead Protection Area. Evaluate

the Wellhead Protection Area factor based
on Wellhead Protection Areas designated
according to section 1428 of the Safe Drinking
Water Act as amended. Consider only those
Wellhead Protection Areas applicable to the
aquifer being evaluated or overlying aquifers
(as specified in section 3.0). Select the highestvalue below that applies. Assign it as thevalue for the Wellhead Protection Area factor
for the aquifer being evaluated. Enter this
value in Table 3-1.
Assign a value of 20 if either of the

following criteria applies for the aquifer being
evaluated or overlying aquifers:

• A source with a ground water
containment factor value greater than 0 lies,
either partially or fully, within or above the
designated Wellhead Protection Area.
• Observed ground water contamination

attributable to the sources at the site lies,
either partially or fully, within the designated
Wellhead Protection Area.

If neither criterion applies, assign a value
of 5, if, within the target distance limit, there
is a designated Wellhead Protection Area
applicable to the aquifer being evaluated oroverlying aquifers.
Assign • value of 0 if none of the above

applies.
3.3£ Calculation of targets factor

category value. Sum the factor values for
nearest well, population, resources, and
Wellhead Protection Area. Do not round thissum to the nearest integer. Use this sum as
the targets factor category value for the
aquifer. Enter this value in Table 3-1.

3.4 Ground water migration score for an
aquifer. For the aquifer being evaluated,
multiply the factor category values for
likelihood of release, waste characteristics,
and targets, and round the product to the
nearest integer. Then divide by 82,500. Assign
the resulting value, subject to a maximum
value of 100, as the ground water migration
pathway score for the aquifer. Enter this
score in Table 3-1.3.5 Calculation of ground water migration
pathway score. Calculate a ground water
migration score for each aquifer underlying
the sources at the site, as appropriate. Assign
the highest ground water migration score Tor
an aquifer as the ground water migration
pathway score (&„) for the site. Enter this
score in Table 3-1.
4.0 Surface Water Migration Pathway.

4.0.1 Migration components. Evaluate the
surface water migration pathway based on
two migration components:
• Overland/flood migration to surface

water (see section 4.1).
• Ground water to surface water migration

(see section 4.2).
Evaluate each component based on the same
three threats: drinking water threat, human
food chain threat, and environmental threat.
„ Score one or both components, considering
iheir relative importance. If only one
component is scored, assign its score as the
surface water migration pathway score U
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both components are scored, select the higherof (he two scores and assign It as the surfacewater migration pathway score.

4.0.2 Surface water categories. For MRS
purposes, classify surface water into fourcategories: rivers, lakes, oceans, and coastaltidal waters.

Rivers include:• Perennially flowing waters from point oforigin to the ocean or to coastal tidal waters,whichever comes first, and wetlandscontiguous to these flowing waters.• Aboveground portions of disappearing
rivers.
• Man-made ditches only insofar as they

perennially flow into other surface water.• Intermittently flowing waters and
contiguous intermittently flowing ditches only
in arid or semiarid areas with less than 20
inches of mean annual precipitation.Lakes include:• Natural and man-made lakes (includingimpoundments) that lie along rivers, but
excluding the Great Lakes.
• Isolated, but perennial, lakes, ponds, and

wetlands.
• Static water channels or oxbow lakes

contiguous to rivers.
• Small rivers, without diking, that merge

into surrounding perennially inundated
wetlands.
• Wetlands contiguous to water bodies

defined here as lakes.
Ocean and ocean-like water bodies

include:
• Ocean areas seaward from the baselineof the Territorial Sea. [This baseline

represents the generalized coastline of the
United States. It is parallel to the seaward
limit of the Territorial Sea and other maritimelimits such as the inner boundary of Federal
fisheries jurisdiction and the limit of States
jurisdiction under the Submerged Lands Act,as amended.)• The Great Lakes.
• Wetlands contiguous to the Great Lakes.Coastal tidal waters include:
• Embayments. harbors, sounds, estuaries,

back bays, lagoons, wetlands, etc. seawardfrom mouths of rivers and landward from thebaseline of the Territorial Sea.
4.1 Overland/flood migration component.

Use the overland/flood migration componentto evaluate surface water threats that result
from overland migration of hazardous
substances from a source at the site tosurface water. Evaluate three types of threatsfor this component: drinking water threat,
human food chain threat, and environmentalthreat.

4.1.1 General considerations.
4.1.1.1 Definition of hazardous substance

migration path for overland/flood migration
component. The hazardous substance
migration path includes both the overland
segment and the in-water segment that
hazardous substances would take as they
migrate away from sources at the site:

• Begin the overland segment at a source
and proceed downgradient to the probable
point of entry to surface water.

• Begin the in-water segment at this
probable point of entry.

-For rivers, continue the in-water
segment in the direction of flow
(including any tidal flows) for the

distance established by the targetdistance limit (see section 4.1.1.2).-For lakes, oceans, coastal tidal waters,or Great Lakes, do not consider flow
direction. Instead apply the targetdistance limit as an arc.-If the in-water segment includes both
rivers and lake* (or oceans, coastaltidal waters, or Great Lakes), apply the
target distance limit to their combinedin-water segments.

For site* that consist of contaminated
sediments with no identified source, thehazardous substance migration path consistssolely of the in-water segment specified in
section 4.1.1.2.Consider a site to be in two or morewatersheds for this component if two or more
hazardous substance migration paths from
the sources at the site do not reach a commonpoint within the target distance limit If thesite 1* in more than one watershed, define a
separate hazardous substance migration path
for each watershed. Evaluate the overland/flood migration component for eachwatershed separately as specified in section
4.1.1.3.4.1.1.2 Target distance limit. The targetdistance limit defines the maximum distance
over which targets are considered in
evaluating the site. Determine a separatetarget distance limit for each watershed as
follows:• If there is no observed release to surface
water in the watershed or if there is an
observed release only by direct observation(see section 4.1.2.1.1). begin measuring the
target distance limit for the watershed at-the
probable point of entry to surface water and
extend it for IS miles along the surface water
from that point• If there is an observed release from the
site to the surface water in the watershedthat is based on sampling, begin measuring
the target distance limit for the watershed atthe probable point of entry; extend the target
distance limit either for 15 miles along thesurface water or to the most distant samplepoint that meets the criteria for an observed
release to that watershed, whichever is
greater.
In evaluating the site, include only surface

water targets (for example, intakes, fisheries,
sensitive environments) that are within orcontiguous to the hazardous substance
migration path and located, partially orwholly, at or between the probable point of
entry and the target distance limit applicable
to the watershed:
• If flow within the hazardous substance

migration path is reversed by tides, evaluate
upstream targets only if there is
documentation that the tidal run could carrysubstances from the site as far as those
upstream targets.

• Determine whether targets within or
contiguous to the hazardous substance
migration path are subject to actual or
potential contamination as follows:

-If a target is located, partially or wholly,
either at or between the probable point
of entry and any sampling point that
meets the criteria for an observed
release to the watershed or at a point -
that meets the criteria for an observed
release by direct observation, evaluate

that target a* subject to actual
contamination, except as otherwise
specified for fisheries in section 4.1 .3.3
and for wetlands in section 4.1.4.3.1.1 .
If the actual contamination is based on
direct observation, assign Level II to
the actual contamination. However, if
the actual contamination is based on
samples, determine whether the actual
contamination is at Level I or Level II
concentration* as specified in sections
4.1.2.3,4.1.3.3, and 4.1.4.3.1.

-If a target is located, partially or wholly,
within the target distance limit for the
watershed, but not at or between the
probable point of entry and any
sampling point that meets the criteria
for an observed release to the
watershed, nor at a point that meets
the criteria for an observed release by
direct observation, evaluate it as
subject to potential contamination.

For sites consisting solely of contaminated
sediments with no identified source,
determine the target distance limit as follows:
• If there is a clearly defined direction of

flow for the surface water body (or bodies)
containing the contaminated sediments, begin
measuring the target distance limit at the

' point of observed sediment contamination
that is farthest upstream (that is, at the
location of the farthest available upstream
sediment sample that meets the criteria for
an observed release); extend the target
distance limit either for 15 miles along the
surface water or to the most distant
downstream sample point that meets the
criteria for an observed release to that
watershed, whichever is greater.
• If there is no clearly defined direction of

flow, begin measuring the target distance
limit at the center of the area of observed
sediment contamination. Extend the targetdistance limit as an arc either for 15 miles
along the surface water or to the most distant
sample point that meets the criteria for an
observed release to that watershed,
whichever is greater. Determine the area of
observed sediment contamination based on
available samples that meet the criteria for
an observed release.
Note that the hazardous substance migration
path for these contaminated sediment sites
consists solely of the in-water segment
defined by the target distance limit; there Is
no overland segment.

For these contaminated sediment sites,
include only those targets (for example,
intakes, fisheries, sensitive environments)
that are within or contiguous to the
hazardous substance migration path and
located, wholly or partially, within the target
distance limit for the site. Determine whether
these targets are subject to actual or potential
contamination as follows:
• If a target is located, partially or wholly,

within the area of observed sediment
contamination, evaluate it as subject to
actual contamination, except as otherwise
specified for fisheries in section 4.1.3.3 and
wetlands in section 4.1.4.3.1.1.

-If a drinking water target is subject to
actual contamination, evaluate it using
Level fl concentrations.
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-If • human food chain target or
environmental target ia subject to
actual contamination, evaluate it using
Level I or Level Q concentration*, asappropriate (see auctions 4.1.3.3 and
4.1.4.3.1).

• If a target it located, partially or wholly,
within the target distance limit for thewatershed, but not within the area ofobserved sediment contamination, evaluate it
as subject to potential contamination.

4.1.1 J Evaluation of overland/flood
migration component. Evaluate the drinking
water threat, human food chain threat, and
environmental threat for each watershed for

this component based on three factorcategories: likelihood of release, waste
characteristics, and targets. Figure 4-1indicates the factors included within each
factor category for each type of threatDetermine the overland/flood migration
component score (S*) for a watershed in
terms of the factor category values asfollows:

3 (LRJ(WCJ(TJ8*= I1=1 SF

Unlikelihood of release factor category
value for threat i (that is, drinking water.human food chain, or environmental
threat).

WC,=Waste characteristics factor category
value for threat i.

T,= Targets factor category value for threat i.
SF=Scaling factor.
Table 4-1 outlines the specific calculation

procedure.
If the site is in only one watershed, assign

the overland/flood migration score for that
watershed as the overland/flood migrationcomponent score for the site.

where:
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Likelihood of Release «.«)

Observed Release

Potential to Release
by Overland Flow
• Containment
• Runoff

• Rainfall
- Drainage Area

| | • Soil Croup
j {• Distance to j

Surface Water

Potential to Release
by Flood
• Containment

(Flood)
• flood Frequency

ToKicity/Persistence/Bioaccumulation
• toxicity

• Chronic
- Carcinogenic
- Acute i

• Persistence
• Half- l ife
' Kow '• Bioaccumulation Potential

Hazardous Waste Quantity
• Hazardous Constituent Quantity
• Hazardous Uastestream Quantity i
• Volume '
• Area

f" ••- 1Drinking Water
Waste Characteristics (WC) Targets (T)

i Tox i c i t y/Pers i stence
• Toxic ity

- Chronic
- Carcinogenic
- Acute

I • Persistence
- Half- l ife

Hazardous Waste Quantity
> Hazardous Constituent Quantity

" • Hazardous Wastestrewa Quantity
• Volume
• Area

Nearest Intake |
Population |
• level 1 Concentrations ]X • Level 11 Concentrations j,
• Potential Contamination |

j Resources j

Human Food Chain
Waste Characteristics (WC) Targets (T)

Food Chain Individual j)
Population j j
• Level I Concentrations

• Hunan food Chain
Production

• Level II Concentrations
• Human food Chain

Production
• Potential Human food |j

Chain Contamination |(
• Human Food Chain j<
Production j )

Environmental
Waste Characteristics (WC) Targets (T)

Ecosystem Toxic i ty/
Persistence/Bioaccumulation
• Ecosystem Toxicity

- Ambient Water Qual i ty
Cr i t e r i a

- Ambient Aquatic L i fe Advisory
Concentrations

• Persistence
- Half- l i fe
- KQw• Ecosystem Bioaccumulation
Potential

Hazardous Waste Quantity
• Hazardous Constituent Quantity
• Hazardous Uastestream Quantity
• Volume
• Area

Sensit ive Environments j j
• Level 1 Concentrations jj
• Level II Concentrations |j
• Potential Contamination

FIGURE 4-1, . :RVIEW OF SURFACE WATER OVERLAND/FLOOD MIGRATION COMPONENT
122

BILLING CODE 65W-SO-C
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TABLE 4-1.—SURFACE WATER OVERLAND/FLOOD MIGRATION COMPONENT SCORESHEET
Factor categories and factors Maximumvalue Value assigned

Drinking Waltr Threat
Likelihood of Release:1. Observed Release... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 550

2. Potential to Release by Overland Flow:
2a. Containment...................................................................................................................................................................................... 10
2b. Runoff... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252c. Distance to Surface Water............................................................................................................................................................... 25
2d. Potential to Release by Overland Flow (lines 2a[2b+2c])........................................................................................................ 500

3. Potential to Release by Flood:3a. Containment (Flood)........................................................................................................................................................................ 10
3b. Flood Frequency..............................................................:.................................—......................................................................... 50
3c. Potential to Release by Flood (lines 3ax3b)................._............................................................................................................. 500

4. Potential to Release (lines 2d+3c, subject to a maximum of 500)................................................................................................... 500
5. Likelihood of Release (higher of lines 1 and 4) ................................................................................................................................... 550Waate Characteristics:
6. Toxictty/Persistence..................................................................................................._............................._.........................__........ (a)
7. Hazardous Waste Quantity..................................................................................................................................................................... (a)
8. Waste Characteristics........................................................................................................................................................................... 100

Targets:
9 Nearest Intake....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

10. Population.
lOa. Level I Concentrations..................................................................................................................................................................^ (b)!0b. Level II CorK»ntrations................................................................................................................................................................^ (b)!0c. Potential Contamination................................................................................................................................................................. (b)
lOd. Population (lines 10a + 10b-HOc). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (b)

11 . Resources.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
12. Targets (lines 9 + 10d +11).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (b)Drinking Water Threat Score:
13. Drinking Water Threat Score ([lines 5x8x123/82,500, subject to a maximum of 100)... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

Human Food Chain Threat
Uk*llbnn<tQ*. B*)MUM:.

14. Likelihood of Release (same value as line 5).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 550
Waate Characteristic*:

15. Toxicity/Persistence/Bioaccurmjlation.................................................................................................................................................. (a)
16. Hazardous Waste Quantity..................................................................................................................................................................... (a)
17. Waste Characteristics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,000

Targets:
18. Food Chain Individual............................................................................................................................................................................. 50
19. Population................................

!9a. Level I Concentrations................................................................................................................................................................... (b)I9b. Level II Concentrations.................................................................................................................................................................. (b)
19c. Potential Human Food Chain Contamination............................................................................................................................... (b)
19d. Population (lines 19a + 19b + 19c).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (b)

20. Targets (lines 18 +19d).... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Human Food Chain Threat Score:
21. HumanTood Chain Threat Score ([lines 14x17x20J/82.500, subject to a maximum of 100) . . . . .

Environmental ThreatLikelihood of Release:
22. Likelihood of Release (same value as line 5)._......................;...........................................................Waate Characteristics:
23. Ecosystem Toxicity/Persistence/Btoaccumulation.................................................................................
24. Hazardous Waste Quantity.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
25. Waste Characterist ics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Targets:
26. Sensitive Environments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

26a. Level I Concentrations.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
26b. Level II Concentrations..................................................................................................................................................26c. Potential Contamination..................................................................................................................................................
26d. Sensitive Environments (lines 26a + 26b+26c). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .27. Targets (value from line 26d) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Environmental Threat Score:

28 Environmental Threat Score ([lines 22> 25x27]/82.500, subject to a maximum of 60). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Surface Water Overland/Flood Migration Component Score for a Watershed

29. Watershed Score' (lines 13-1-21+28, subject to a maximum of 100). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Surface Water Overland/Flood Migration Component Score

30. Component Score (S«)' (highest score from line 29 for all watersheds evaluated, subject to a maximum of 100). .

(b)
100

550
(a)(a)

1 ,000

(b)
(b)
(b)
(b)
(b)
60

100

100
• Maximum value applies to waste characteristics category.b Maximum value not applicable.' Do not round to nearest integer
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If the site it in aum IhM one watershed:• Calculate a separate overland/floodmigration component score for each

watershed. «sing likelihood of release, waste
characteristics, and targets applicable toeach watershed.• Select the highest overland/floodmigration component score from thewatersheds evaluated and assign it as theoverland/flood migration component scorefor the site.

4.1.2 Drinking water threat. Evaluate thedrinking water threat for each watershedbased on thra* factor categories: likelihood ofrelease, wait* characteristics, and targets.4X2.1 Drinking water threat— likelihood
of rebate. Evaluate the likelihood of releasefactor category for each watershed in termsof an observed release factor or a potential to
release factor.4.1.2.1.1 Observed release. Establish anobserved release to surface water fat *
watershed by demonstrating that the site hasreleased a hazardous substance to thesurface water in the watershed. Base this

• Direct observation:
-A material that contains one or more

hazardous substances has been seenentering surface water through
migration or is known to have entered
surface water through direct
deposition, or-A source area has been flooded at a
time that hazardous substances were
present, and one or more hazardoussubstances were in contact with the
flood waters, or

-When evidence supports the inference
of a release of a material that contains
one or more hazardous substances bythe site to surface water, demonstrated
adverse effects associated with thatrelease may also be used to establishan observed release.• Chemical analysis:

-Analysis of surface water, benthic, orsediment samples indicates that theconcentration of hazardoussubstance(s) has increased
significantly above the background

coBoentration for toe site (or that typeof sample (see section 2.3).- -Limit comparisons to similar types ofsamples and backgroundconcentrations—for example,compare surface water samples to
surface water backgroundconcentrations.

- -For benthic samples, limitcomparisons to essentially sessileorganisms.-Some portion of the significant increasemust be attributable to the site toesUbUah the observed release, except
when the site itself consists ofcontaminated sediments with noidentified source, no separateattribution is required.

If an observed release CM be establishedfor a watershed, assign an obnrred releasefactor value of 550 to that watatehed, enterthis value tat Table 4-4. and proceed tosection 4,1.2.1.3. If M observed release can beestablished for the watershed, assign anobserved release factor value of 0 to thatwaJRrshfid..enlei this value in Table 4-1. and
proceed to section 4.1.2.1.2.

4.1.2.1.2 Potential to release. Evaluatepotential to release only if an observed
release cannot be established for thewatershed. Evaluate potential to release
based on two components: potential to
release by overland flow (see section4.L2.L2.1) ami potential to release by flood
(see section 4.1.2.1.&2). Sum the values forthese two components to obtain the potentialto release factor value for the watershed,subject to a maximum value of 500.

4.1.2.1.2.1 Potential to release by overlandflow. Evaluate potential to release byoverland flow for die watershed based onthree factors: containment, runoff, and
distance to surface water.
Assign potential to release by overlandRowa valae of 0 for the watershed if:
• No overland segment of the hazardoussubstance migration path can be defined for

the watershed, or• The overland segment of the hazardoussubstance migration path for the watershed
exceeds 2 miles before surface water is
encountered.

If either condition applies, enter a value of 0
in Table 4-1 and proceed to section 4.1 .2. 1 .2.2
to evaluate potential to release by flood. If
neither applies, proceed to section 4.1.2.1.2.1.1
to evaluate potential to release by overland
flow.

4.1.2.1-2.1.1 Containment. Determine the
containment factor value for the watershed
as follows:
• If one or more sources is located in

surface water in the watershed (for example,
intact sealed drums in surface water], assign
the containment factor a value of 10 for the
watershed. Enter this value in Table 4-1.
• If none of the sources is located in

surface water in the watershed, assign a
containment factor value from Table 4-2 to
each source at the site that can potentially
release hazardous substances to the
hasardon *ubatance migration path for this
watershed. Assign the containment factor
value for the watershed as follows:

-Select the highest containment factor
value assigned to those sources that
meet ine minimum size requirement
described below. Assign this highest
value as the containment factor value
for the watershed. Enter this value in
Table 4-1.

-If. for this watershed, no source at the
site meets the minimum sizerequirement, then select the highest
containment factor value assigned to
the sources at the site eligible to be
evaluated for this watershed and
assign it as the containment factor
value for the watershed. Enter this
value in Table 4-1.

A source meets the minimum size
requirement if its source hazardous waste
quantity value (see section 2.42.1.5) is 0.5 ormore. Do not tadada the minimum size
requirement in evaluating any other factor of
this surface water migration component,
except potential to release by flood as
specified in section 4.1.2.1.2.2.3.

4.1J2.1.2.1.2 Runoff. Evaluate runoff based
on three components: rainfall drainage area.
and soil group.

TABLE 4-2.—CONTAINMENT FACTOR VALUES FOR SURFACE WATER MIGRATION PATHWAY
Source Assigned value

Al Sources (Except Surface Impoundments, Land Treatment, Containers, and Tanks)Evidence of hazardous substance migration from source area (I.e., source area includes source and any associated containment structures)...No evidence ol hazardous substance migration from source area ant
(a) Neither ol the following present: (1) maintained engineered cover, or (2) functioning and maintained run-on control system and runoffmanagement system.
(b) Any one of the two Items in (a) present _......._....._......_...._.___.___._.._..........._._..._.._._.._______.._.___.
(c) Any two of the following present (1) maintained engineered cover, or (2) functioning and maintained run-on control system andrunoff management system, or <3) liner with functioning leachate collection and removal system immediately above liner.(d) All Mems in (c) present
(e) All items in (c) present, plus no bulK or non-containerized liquids nor materials containing frea liquids deposited in source

No evidence of hazardous substance migration from source area, double finer with functioning leachate collection and removal system aboveand between liners, ant
(I) Only one of the following deficiencies present in containment (1) bulk or noncontainerized liquids or materials containing free liquidsdeposited in source area, or (2) no or nonfuncttoning or nonmaintained run-on control system and runotf management system, or (3)no or nonmaintained engineered cover,
(g) None of the deficiencies in (f) present......................................................__..............._.......................................................................................

Source area inside or under maintained intact structure that provides protection from precipitation so that neither runoff nor leachate isgenerated, liquids or materials containing free liquids not deposited in source area, and functioning and maintained run-on control present

10
10
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TABLE 4-2.—CONTAINMENT FACTOR VALUES FOR SURFACE WATER MIGRATION PATHWAY—Concluded

Source
Surface ImpoundmentEvidence ol hazardous substance migration from surface impoundment..——...———...............................................................................................Free liquids present with either no diking, unsound diking, or diking that to not regularly inspected and maintained............................................No evidence of hazardous substance migration from surface Impoundment, tree liquids present sound diking that « regularly inspectedand maintained, adequate freeboard, and(a) No Bner ......................................................................................................———.—...................................—..........................................................

(b) Liner(c) Liner with functioning leacrtal* collection and removal system below Hner-———...........................................................................................(d) Double liner with functioning leaohate collection and removal system between liners............................................—....................................No evidence ol hazardous substance migration from surface Impoundment and all free liquids eliminated at closure (either by removal ofliquids or solidification of remaining wastes and waste residues).

Land TreatmentEvidence of hazardous substance migration from land treatment zone.........................................................................................................................No functioning and maintained run-on control and runoff management system
No evidence of hazardous substance migration from land treatment zone «/wt(a) Functioning and maintained run-on control and runoff management system—.———......———————.....——.—...—.._.............(b) Functioning and maintained run-on control and runoff management system, and vegetative cover established over entire landtreatmentfc) Land treatment area maintained in compliance with 40 CFR 264.280.......

ContainersAll containers buried........................................................................................'...........
Evidence of hazardous substance migration from container area (i.e., container area includes containers and any associated containment
structures).No diking (or no similar structure) surrounding container area....................................—................................................................................................Diking surrounding container area unsound or not regularly inspected and maintained................................................................................................No evidence of hazardous substance migration from container area and container area surrounded by sound diking that is regularlyinspected and maintained.No evidence of hazardous substance migration from container area, container area surrounded by sound diking that is regularly inspectedand maintained, end:(a) Essentially impervious base under container area with liquids collection and removal system........................................................................(b) Containment system includes essentially impervious base, liquids collection system, sufficient capacity to contain 10 percent of

volume o't all containers, and'functioning and maintained run-on corimii; anb spilled of'iedKe6'nazart><H»-*ut&rarfei» wfO weumd&trtsbprecipitation removed in timely manner to prevent overflow of collection system, at least weekly inspection of containers, hazardoussubstances in leaking or deteriorating containers transferred to containers in good condition, and containers sealed except whenwaste is added or removed.(c) Free liquids present containment system has sufficient capacity to hold total volume of all containers and to provide adequatefreeboard, and single liner under container area with functioning leachate collection and removal system below liner.(d) Same as (c) except double liner under container area with functioning leachate collection and removal system between liners..............Containers inside or under maintained intact structure that provide* protection from precipitation so that neither runoff nor leachate wouldbe generated from any unsealed or ruptured containers, liquids or material* containing free liquids not deposited in any container, andfunctioning and maintained nm-on control present
No evidence of hazardous substance migration from container area, containers leaking, and all free liquids eliminated at closure (either byremoval of liquids or solidification of remaining wastes and waste residues).

Below-ground tank.. Tank

Evidence of hazardous substance migration from tank area (i.e., tank area includes tank, ancillary equipment such as piping, and anyassociated containment structures).
No diking (or no similar structure) surrounding lank and ancillary equipment......™...................._...........................................................................Diking surrounding lank and ancillary equipment unsound or not regularly inspected and maintained......................................................................No evidence of hazardous substance migration from tank area and tank and ancillary equipment surrounded by sound diking that isregularly inspected and maintained.
No evidence of hazardous substance migration from lank area, tank and ancillary equipment surrounded by sound diking that is regularlyinspected and maintained, and:

(a) Tank and ancillary equipment provided with secondary containment (e.g., liner under tank area, vault system, double-wall) with leakdetection and collection system.
(b) Tank and ancillary equipment provided with secondary containment system that detects and collects spilled or leaked hazardoussubstances and accumulated precipitation and has sufficient capacity to contain 110 percent of volume of largest tank withincontainment area, spilled or leaked hazardous substances and accumulated precipitation removed in a timely manner, at least weeklyinspection of tank and secondary containment system, and all leaking or unfit-for-use tank systems promptly responded to.(c) Containment system has sufficient capacity to hold total volume of all tanks within the tank containment area and to provideadequate freeboard, and single Kner under tank containment area with functioning leachale collection and removal system below liner.
(d) Same as (c) except double liner under tank containment area with functioning leachate collection and removal system betweenliners.

Tank is above ground, and inside or under maintained intact structure that provides protection from precipitation so that neither runoff nor
leachate would be generated from any material released from tank, liquids or materials containing free liquids not deposited in any tank,and functioning and maintained run-on control present

Assigned value

10
10

9
7
5
3

Evaluate using AN
Sources criteria(with no bulk or free
liquids deposited).

10
10
7
5

Evaluate using All
Source* criteria

10
10
10
9

Evaluate using All
Sources criteria(with no bulk or free
liquids deposited).

Evaluate using All
Sources criteria

10
10
10

9

Rainfall. Determine the 2-year, 24-hour
rainfall for the site. Use site-specific, 2-year,
24-hour rainfall data if records are available

for at least 20 years. If such site-specific data
are not available, estimate the 2-year, 24-hour
rainfall for the site from a rainfall-frequency

map. Do not round the rainfall value to the
nearest integer.
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Drainage area. Determine the drainage

area for (he sources at the site. Include in this
drainage area both the source areas and the
area upgradient of the sources, but exclude
any portion of this drainage area for which
runoff is diverted from entering the sources
by storm sewers or run-on control and/or
runoff management systems. Assign a
drainage area value for the watershed from
Table 4-3.

Soil group. Based on the predominant soil
group within the drainage area describedabove, assign a soil group designation for thewatershed from Table 4-4 as follows:• Select the predominant toll group as thattype which comprises the largest total areawithin the applicable drainage area.• If a predominant soil group cannot bedelineated, select that soil group in thedrainage area that yields the highest value for
the runoff factor.
Calculation of runoff factor value. Assign a

combined rainfall/runoff value for the
watershed from Table 4-6, based on the 2-year, 24-hour rainfall and the soil groupdesignation. Determine the runoff factor
value for the watershed from Table 4-6,
based on the rainfall/runoff and drainage
area values. Enter the runoff factor value in
Table 4-1.

TABLE 4-3.—DRAINAGE AREA VALUES

TABLE 4-6.—RUNOFF FACTOR VALUES

Drainage area (acres)

Less than 5050 to 250...................................................Greater than 250 to 1,000 ......................Greater than 1,000...................................

Assignedvalue
1
2
3
4

TABLE 4-4.—SOIL GROUP DESIGNATIONS
Surface soil description

Coaree-textured soils with high infil-tration rates (for example, sands,loamy sands). -Medbm-textured soils with moderateInfiltration rates (for example,sandy loams, loams).Moderately fine-lextured soils withlow Infiltration rates (for example,silty loams, silts, sandy day loams).Flne-textured soils with very low infil-tration rates (for example, days,sandy days, sitty day loams, dayloams, sllty days); or Impermeablesurfaces (for example, pavement).

Son groupdesignation
A

B

C

D

TABLE 4-5.—RAINFALL/RUNOFF VALUES
Soil group designation

(inches)

Less than 1.0..............;...1.0 to less than 1.5... . . . .1.5 to toss than 2.0 .......2.0 to less than 2.5 .......2.5 to less than 3.0 .. .....3.0 to less than 3.5 .. .....3.5 or greater ............ .....

A
0
001
2
23

B

0
1
2
2
3
3
4

C

2
2
3
3
4
4
5

D

3
3
4
4
4
5
6

Drainageareavalue
1 . ......
2 ................
3 ................4

Rainfall/runofl value
0
0000

1
0
0
01

2

0
1
1
2

3
1
1
3
7

4

1
2
7
17

5

1
3
1 1
25

6
1
4
15
25

4.1.2.1.2.1.3 Distance to surface water.
Evaluate the distance to surface water as the
shortest distance, along the overlandsegment, from any source with a surfacewater containment factor value greater than 6to either the mean high water level for tidalwaters or the mean water level for othersurface waters. Based on this distance, assign• value from Table 4-7 to the distance tosurface water factor for the watershed. Enterthis value in Table 4-1.4.1.2.1.2.1.4 Calculation of factor value for
potential to release by overland flow. Sumthe factor values for runoff and distance tosurface water for the watershed and multiply
this sum by the factor, value for containment.Assign the resulting product as the factor
value for potential to release by overland
flow for the watershed. Enter this value in
Table 4-1.4.1.2.1.2.2 Potential to release by flood.
Evaluate potential to release by flood foreach watershed as the product of two factors:
containment (flood) and flood frequency.Evaluate potential to release by flood
separately for each source that is within the
watershed. Furthermore, for each source,evaluate potential to release by flood
separately for each category of floodplain in
which the source lies. (See section 4.1.2.1.2.2.2for the applicable floodplain categories.)Calculate the value for the potential torelease by flood factor as specified in4.12.12.2.3.

4.1^.1.2^.1 Containment (flood). For eachsource within the watershed, separately
evaluate the containment (flood) factor for
each category of floodplain in which thesource is partially or wholly located. Assign acontainment (flood) factor value from Table
4-8 to each floodplain category applicable to
that source. Assign a containment (flood)
factor value of 0 to each floodplain categoryin which the source does not lie.

4.1.2.1.2.2.2 Flood frequency. For each
source within the watershed, separately
evaluate the flood frequency factor for eachcategory of floodplain in which the source ispartially or wholly located. Assign a floodfrequency factor value from Table 4-6 to each
floodplain category in which the source is
located.

4.1.2.1.2.2.3 Calculation of factor value for
potential to release by flood. For each sourcewithin the watershed and for each category
of floodplain in which the source is partiallyor wholly located, calculate a separatepotential to release by flood factor value.Calculate this value as the product of the
containment (flood) value and the flood
frequency value applicable to the source for
the floodplain category. Select the highest
value calculated for those sources that meetthe minimum size requirement specified in
section 4.1.2.1.2.1.1 and assign it as the value

for the potential to release by flood factor for
the watershed. However, If, for thiswatershed, no source at the site meets the
minimum size requirement select the highestvalue calculated for the sources at the site
eligible to be evaluated for this watershed
and assign it as the value for this factor.

TABLE 4-7.—DISTANCE TO SURFACEWATER FACTOR VALUES
Distance

Less than 100 feet..- ___ ..................100 toet to 500 feet.... _ _ _ ...............Greater than 500 feet to 1,000 feet......Greater than 1.000 feet to^SOO feet ._Greater than 2.500 feel to 13 irtes ....Greater than 1.S rales to 2 n*s*_.....

Assignedvalue
25
20
16
9
6
3

TABLE 4-8.—CONTAINMENT (FLOOD)FACTOR VALUES
Containment criteria

Documentation that containment atthe source Is designed, construct-ed, operated, and maintained toprevent a washout of hazardoussubstances by the flood being eval-uated.Other........__.........................................

Assignedvalue

10

TABLE 4-9.—FLOOD FREQUENCY FACTORVALUES
Floodplain category

Source floods annually ....... — ...............Source In 10-year floodplain ...................
Source in 500-year floodplain................

Assignedvalue
5050
21

7
0

Enter this highest potential to release by
flood factor value for the watershed in Table
4-1, as well as the values for containment
(flood) and flood frequency that yield this
highest value.

4.1.2.1.2.3 Calculation of potential to
release factor value. Sum the factor values
assigned to the watershed for potential to
release by overland flow and potential to
release by flood. Assign this sum as thepotential to release factor value for the
watershed, subject lo a maximum value of
500. Enter this value in Table 4-1.

4.1.2.1.3 Calculation of drinking water
threat-likelihood of release factor category
value. If an observed release is established
for the watershed, assign the observed
release factor value of 550 as the likelihood ol
release factor category value for that
watershed. Otherwise, assign the potential to
release factor value for that watershed as the
likelihood of release factor category value for

,• that watershed. Enter the value assigned in
.- Table 4-1.

4.1.2.2 Drinking water threat-waste
characteristics. Evaluate the waste
characteristics factor category for each
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watershed based OB two (acton: Unietty/persistence and haxardous waste quantity.
Evaluate only those hazardous substancesthat are available lo migrate from the sources
at the site to surface water in the watershed
via the overland/flood hazardous substance
migration path for the watershed (see section
4.1.1.1). Such hazardous substances include:
• Hazardous substances that meet the

criteria for an observed release to surface
water in 1hz watershed.
• All hazardous substances associated

with a source that has a surface watercontainment factor value greater than 0 for
the watershed (see sections 2.2.2, 2.2-3,
4.1.Z1.2.1.1. and 4.1.2.1.2.11).

4.1.2.2.1 Toxicity/peisiatirace. For each
hazardous substance, assign • toxicily factorvalue, a persistence factor value, and a
combined toxicily/persistence factor value a*
specified in sections 4.1.2 .̂1.1 through
4.1.22.1.3. Select the toxitity/persistence
factor value for the watershed as specified in
section 4.1.2.2.1 J.

4.1.2.2.1.1 Toxfcity. Assign a iox.ir.ity
factor value lo e.ich hazardous substance as
specified in section 2.4.1.1.

4 t 7 •>-\ 7 Persistence. Assign a
persistence factor value to each hazardous
substance. In assigning thin value, evaluate
persistence based primarily o;: the half-life of
the hazardous substance in am face water
and secondarily on the sorption of the
hazardous substance lo sediments. The halt-
life in surface water is defined for HRS
purposes as the time required lo reduce the
initial concuntratiun hi surface water by one-
half as a result of (he combined decay
processes of biodegiadation, hydrolysis,
photolysis, and volatilization. Sorption to

sedunents ia evaluated forlhe HRS baaed on
the logarithm of the n-octanol-water partition
coefficient (log K^J of th« hazardous
substance.

Estimate the half-life (U />) of a hazardous
substance as follows:

1 1 1 1
h b p v

where;
h=Hydrolysis half-life,
b=Biodegradalion half-life.p=Photolysis half-life,
v « Volatilization half-life.
If one or more of these four component

half-lives cannot be estimated for tie
hazardous substance from available data,
delete that component half-life from the
above equation. If none of these four
component half-lives can be estimated for the
hazardous substance from available data, use
the default procedure indicated below.
Estimate a half-life for the hazardous
substance for lakes or for rivers, oceans,
coastal tidal waters, and Great Lakes, as
appropriate.
If a half-life can be estimated for a

hazardous substance:
• Assign that hazardous substance a

persistence factor value from the appropriate
portion of Table 4-10 (that is lakes; or riven,
oceans, coastal tidal waters, and Great
Lakes).

• Select*)** appropriate portfeo of Table4-ttesfbBows:
-If there is one or man drinking waterintakes along the '"«"**'« substancemigration path for the watershed,select the nearest drinking waterintake as measured from the probablepoint of entry. If the to-waler segmentbetween the probable point of entry
and this selected intake includes bothlakes and other water bodies, use thelakes portion of Table 4-10 only if
more than half the distance to thisselected intake ties to kake(s).
Otherwise, use the rivers, oceans,coastal tidal waters, end Great Lakesportion of Table 4-10. Forcontaminated «*»Him»ni^ with no
identified source, use the point wheremeasurement begins (see section4.1.1.2) rather then the probable pointof entry.

-If there ere no drinking water intakesbut there are intakes or points of use
for any of the resource types listed in
section 4.1.2.3.3, select the nearest suchintake or point of use. Select the
portion of Table 4-10 based on this
intake or point of use in the mannerspecified for drinking water intakes.

-If there are no drinking waler intakes
and no specified resource intakes and
points of use. but there is another typeof resource listed in section 4.1 i3.3
(for example, the waler is usable for
drinking waler purposes even though
not used), select the portion of Table
4-10 based on the nearest point of this
resource in the manner specified for
drinking water intakes.

TABLE 4-10.—PERSISTENCE FACTOR VALUES—HALF-LIFE
Surface vrater category

Lakes

Substance nan-fife (days)

Less than or equal to 0 2 .. ... , , . ,,r - , . r , -, „ - . , - , * - . - , . . , . - ^,Greater (run 0 ? to Q 5 , -*,
Gf «at«f than 0 5 to t 5Gn»ats» ttw 1 5 , , , , , . , . , . , . . . , . , . . , . . . , , . , , .
1 ess than or filial to 0 0? . . . , ,,
Oqgtfr thf" 0 0? *Q ? - . . , . . _ . . , •• , -•
fifft»t«f than ? to ?O , , , . . , . . .„ . , . . . .GmaUff then 7 0 , • • • - . ,

Assignedvalue'
0.00070.07

0.4
1

0.0007
0.07
0.4
1

• Do not round to nearest integer.

if a half-life cannot be estimated for a
hazardous substance from available data, use
the following default procedure to assign a
persistence factor value to that hazardous
substance:

• For those hazardous substances that are
metals (at metalloids), assign a persistence
factor value of 1 as a default Tor all surface
water bodies,

• For other hazardous substances (both
organic and inorganic), assign a persistence
faaor value of 0.4 as a default for rivers,
oceans, coastal tidal waters, and Great
I.akes, and a persistence factor value of 0.07
as a default for lakes. Select the appropriate
value in the same manner specified for using
Table 4-10.

Use the persistence factor value assigned
based on half-life or the default procedure
unless the hazardous substance can be
assigned a higher factor value from Table
4-11, based on its Log K^. If a higher value
can be assigned from Table 4-11, assign this
higher value as the persistence factor value
for the hazardous substance.

TABLE 4-11.—PERSISTENCE FACTOR
VALUES—LOG K ,̂

Less than 15 ———3.5 to tesi than 4.0 _
* 0 to 4.5_..__.—

Assignedvalue*
O.C007

0.07
0.4

TABLE 4-11.—PERSISTENCE FACTOR
VALUES—LOG K,,—Concluded

LogK,,. Assignedvalue*
1

•Use for lakes, rivers, oceans, coastal tidalwaters, and Great Lakes Do not round to nearestinteger.
4.1.2.2.1.3 Calculation oftaxicity/

persistence factor value. Assign each
hazardous substance s toxicily/persistence
factor value from Table 4-12, based on the
values assigned to the hazardous substance
for the tnxicit'y and persistence factors. Use
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the hazardous substance with the highesttoxidty/persistence factor value for thewatershed to assign the toxicity/persistencefactor value for the drinking water threat forthe watershed. Enter this value in Table 4-1.4.1.22.2 Hazardous waste quantity.Assign a hazardous waste quantity factor

value for the watershed as specified insection 2^2. Enter this value In Table 4-1.4_1.2.aj Calculation of drinking waterthreat-waste characteristics factor categoryvalue. Multiply the toxicity/persistence andhazardous waste quantity factor values for
the watershed, subject to a maximum product

of 1 x 10'. Based on this product assign a
value from Table fc-7 (section 2.4JJ.1) to the
drinking water threat-waste characteristics
factor category for the watershed. Enter this
value in Table 4-1.

TABLE 4-12.—TOXICITY/PERSISTENCE FACTOR VALUES •
Persistence factor value

10 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1 1 4 , . , , , ..-..- — - ______
007 .. .... . . . . . . , , , . . . . . . . . i in

Tenderly factor value
10.000
10.000
4,000
700

7

1.000

1.000
400
70
0.7

100

100
40
7

0.07

10

10
4

0.7
0.007

1

1
0.4

0.07
0.0007

0

0
0
0
0

• Do not round to nearest Integer.

4.1X3 Drinking water threat-targets.Evaluate the targets factor category for eachwatershed based on three factors: nearestintake, population, and resources.To evaluate the nearest intake andpopulation factors, determine whether thetarget surface water intakes an subject toactual or potential contamination as specified
in section 4.1.1.2. Use either an observed
release based on direct observation at theintake or the exposure concentrations fromsamples (or comparable sample*) taken at orbeyond tin Intake to make this determination(see section 4.1.2.1.1). The exposureconcentrations for a sample (that is, surfacewater, benthic. or sediment sample) consistof the concentrations of those hazardoussubstances present that are significantlyabove background levels end attributable atleast in part to the site (that is, thosehazardous substance concentrations thatmeet the criteria for an observed release).When aa Intake is subject to actualcontamination, evaluate it using Level I

concentrations or Level n concentrations. Ifthe actual contamination Is based on anobserved release by direct observation, useLevel Q concentrations for that intake.However, if the actual contamination isbased on an observed release from samples,determine which level applies for the intakeby comparing the exposure concentrationsfrom samples (or comparable samples) tohealth-based benchmarks as specified in
sections 2.5.1 and 2A2. Use the health-basedbenchmarks from Table 3-10 (section 3.3.1) indetermining the level of contamination fromsamples. For contaminated sediments with noidentified source, evaluate the actualcontamination using Level Q concentrations
(see section 4.1.1.2).4.1.2.3.1 Nearest intake. Evaluate thenearest intake factor based on the drinkingwater intakes along the overland/floodhazardous substance migration path for thewatershed Include standby intakes inevaluating this factor only If they are used forsupply at least once a year.

Assign the nearest intake factor a value as
follows and enter the value hi Table 4-1:
• If one or more of these drinking water

intakes is subject to Level I concentrations as
specified in section 4.1.2.3, assign a factor
value of SO.
• If not. but if one or more of these

drinking water intakes is subject to Level II
concentrations, assign a factor value of 45.
• If none of these drinking water intakes is

subject to Level I or Level II concentrations,
determine the nearest of these drinking water
intakes, as measured from the probable point
of entry (or from the point where
measurement begins for contaminated
sediments with no identified source). Assign
a dilution weight from Table 4-13 to this
intake, based on the type of surface water
body in which it is located. Multiply this
dilution weight by 20, round the product to
the nearest integer, and assign it as the factorvalue.
Assign the dilution weight from Table 4-13as follows:

TABLE 4-13.—SURFACE WATER DILUTION WEIGHTS
Types

Descriptor
Minimal straam . ... . .... .. . . . .
Small k > mntanta MnHfli..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . „ , , , , , . „ . „ ,
Moderate to large stream.... __ .._.. ___ .. . _____ .
Lvga •tmwn V> rfwjr , , , , , , . . . . . . . . . . . . .„. , . . . , . . . . . . . . . , . . .„. . . . . , . . . . . , . . . . . . . . , . , . . . . _ . . . . . .Large river _ ........... _ .. __ .
Very large nVer ___ ............ __ ..................................... __ ..............Coastal tidal waters'..... _ .._ _ ................Shallot* ocean zone* or Great Lake..... _ ......... ......... ____ .. _ .Moderate depth ocean zone • or Groat Lake.................. _ . _ .. _ .Daep ocean zone • or Great Lake....... _ .................................. _ ..._.3-mile mixing zone in quiet flowing river............................ __ ...,...._..

if surface water body*
Flow characteristics

IBM than 10 cfs • . . . . . . , ,10 t o 100 e l s . . . „ . , „ .Greater than 100 tn 1,000 c**Greater than 1000 to 10 000 cfs . . _ . . ...Greater than 10 000 to 100,000 cfsGreater than 100,000 cfs ..... .. . . . . ....Flow not applicable, depth not applicable.............................................. ...........................Flow not applicable, depth less than 20 feet...................................................................Row not appticaMf depth 20 to 200 feetFlow not applicable, depth greater than 200 feet............................................................10 cfs or greater................................................................................ ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Assigned
weight »

1
0.1
0.010.001

0.0001
0.00001
0.0001
0.0001

0.00001
0.000005

0.5
• Treat each lake as a separate type of water body and assign a dilution weight as specified in text• Do not round to nearest integer.' cfs - cubic feet per second.' Emoayments. harbors, sounds, estuaries, back bays, lagoons, wetlands, etc., seaward from mouths of rivers and landward from baseline of Territorial Sea.Seaward from baseline of Territorial Sea. This baseline represents the generalized U.S. coastline. It is parallel to the seaward limit ol the Territorial Sea andthe inner boundary of the Federal fisheries jurisdiction and the limit of States jurisdiction under the Submerged Lands Act as amended.other maritime limits such as I

• For a river (that is, surface water body
types specified in Table 4-13 as minimal
stream through very large river), assign a
dilution weight based on the average annual
flow in the river at the intake. If available.

use the average annual discharge as defined
in the U.S. Geological Survey Water
Resources Data Annual Report. Otherwise,
estimate the average annual flow.

• For a lake, assign a dilution weight as
follows:

-For a lake that has surface water flow
entering the lake, assign a dilution
weight based on the sum of the
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average annual flows for the surface
water bodies entering the lake up tothe point of the intake.

-For a lake that has no surface water
flow entering, bul that does have
surface water flow leaving, assign a
dilution weight based on the sum of
the average annual flows for the
surface water bodies leaving (he lake.

-For a closed lake (that is, a lake without
surface water flow entering or leaving),
assign a dilution weight based on the
average annual ground water flow into
the lake, if available, using the dilution
weight for the corresponding river flow
rate in Table 4-13. If not available,
assign a default dilution weight of 1.

• For the ocean and the Great Lakes,
assign a dilution weight based on depth.
• For coastal tidal waters, assign a dilution

flow.
• For a quiet-flowing river that has average

annual flow of 10 cubic feet per second (cfs)
or greater and that contains the probable
point of entry to surface water, apply a zone
of mixing in assigning the dilution weight:

-Start the zone of mixing at the probable
point of entry and extend it for 3 miles
from the probable point of entry,
except: if the surface water
characteristics change to turbulent
within this 3-mile distance, extend the
zone of mixing only to the point at
which the change occurs.

-Assign a dilution weight of 0.5 to any
intake that lies within this zone of
mixing.

-Beyond this zone of mixing, assign a
dilution weight the same as for any
other river (that is, assign the dilution
weight based on average annual flow).-Treat a quiet-flowing river with an
average annual flow of less than 10 cfsthe same as any other river (that is,
assign it a dilution weight of 1).

In those cases where water flows from a
surface water body with a lower assigned
dilution weight (from Table 4-13) to a surface
water body with a higher assigned dilution
weight (that is, water flows from a surface
water body with more dilution to one with
less dilution), use the lower assigned dilutionweight as the dilution weight for the latter
surface water body.

4.1.2.3.2 Population. In evaluating the
population factor, include only persons
served by drinking water drawn from intakesthat are along the overland/flood hazardous
substance migration path for the watershed
and that are within the target distance limit
specified in section 4.1.1.2. Include residents,
students, and workers who regularly use the
water. Exclude transient populations such as
customers and travelers passing through the
area. When a standby intake is maintainedon a regular basis so that water can bewithdrawn, include it in evaluating the
population factor.In estimating residential population, when
the estimate is based on the number of
residences, multiply each residence by theaverage number of persons per residence for
the county in which the residence is located.
In estimating the population served by anIntake, if the water from the intake is blendedwifn diner waterfior examp'ie, water'irom

other surface water intakes or ground water
wells), apportion the total populationregularly served by the blended system to theintake based on the intake's relativecontribution to the total blended system. In
estimating the intake's relative contribution,
assume each well or intake contributesequally and apportion the population
accordingly, except: if the relative
contribution of any one intake or well
exceeds 40 percent based on average annualpumpage or capacity, estimate the relative
contribution of the wells and intakesconsidering the following data, if available:

• Average annual pumpage from the
ground water wells and surface water intakes
in the blended system.• Capacities of the wells and intakes in the
blended system.

For systems with standby surface water
intakes or standby ground water wells,apportion the total population regularlyserved by the blended system as describedabove, except:
• Exclude standby ground water wells in

apportioning the population.
• When using pumpage data for a standby

surface water .intake, use average pumpagefor the period during which the standby
intake is used rather than average annual
pumpage.

• For that portion of the total population
that could be apportioned to a standbysurface water intake, assign that portion of

the population either to that standby intake
or to the other surface water inlake(s) and
ground water well(s) that serve thatpopulation; do not assign that portion of the
population both to the standby intake and to
the other intake(s) and well(s) in the blended
system. Use the apportioning that results in
the highest population factor value. (Either
include all standby intake(s) or exclude some
or all of the standby intake(s) as appropriate
to obtain this highest value.) Note that the
specific standby intake(s) included or
excluded and, thus, the specific apportioning
may vary in evaluating different watersheds
and in evaluating the ground water pathway.

4.1.2.3.2.1 Level of contamination.
Evaluate the population factor based on three
factors: Level I concentrations, Level II
concentrations, and potential contamination.
Determine which factor applies for an intakeas specified in section 4.1.2.3. Evaluate
intakes subject to Level I concentration as
specified in section 4.1.2.3.2.2, intakes subjectto Level II concentration as specified in
section 4.1.2.3.2.3, and intakes subject to
potential contamination as specified in
section 4.1.2.3.2.4.

For the potential contamination factor, use
population ranges in evaluating the factor as
specified in section 4.1.2.3.2.4. For the Level I
and Level II concentrations factors, use the
population estimate, not population ranges, in
evaluating both factors.

4.1.2.3.2J Level 1 concentrations. Sum the
number of people served by drinking water
from intakes subject to Level I'
concentrations. Multiply this sum by 10.
Assign this product as the value for this
factor. Enter this value in Table 4-1.

4.1.2.3.2.3 Level II concentrations. Sum
the number of people served by drinking
water from intakes subject to Level II
concentrations. Do not include people
already counted under the Level I
concentrations factor. Assign this sum as the
value for this factor. Enter this value in Table
4-1.

4.1.2.3.2.4 Potential contamination. For
each applicable type of surface water body in
Table 4-14, first determine the number of
people served by drinking water from intakes
subject to potential contamination in that
type of surface water body. Do not include
those people already counted under the Level
I and Level II concentrations factors.
BILLING CODE (SSO-M-M



I
DILUTION-WEIGHTED POPULATION VALUES FOR POTENTIAL CONTAMINATION FACTOR FOR SURFACE WATER MIGRATION PATHWAY*

Type of Surface Water Body*1

Minimal stream
(< 10 cfs)
Small to moderate stream
(10 to 100 cfs)
Moderate to large stream
(> 100 to l . O O C cfs)
Large stream to river
( > 1 ,000 to 10 ,000 cfs)
Large river
( > 10 ,000 to ICO, 000 cfs)
Very large river
(> 100,000 cfs)
Shallow ocean zone or Great
Lake (depth < 20 feet)
Moderate ocean zone or Great
Lake (depth 20 to 200 feet)
Deep ocean zone or Great
Lakes (depth > 200 feet)
3-mi le mixing zone in
quiet flowing river
(> 10 cfs)

Number of People
' ' 1 11 31 101 301

to to to to to
0 10 30 100 300 1 ,000

0 4 1 7 5 3 1 6 4 5 2 2

0 0.4 2 5 16 52

0 0 .04 0.2 0.5 2 5

0 0 .004 0 .02 0 . 0 5 0 .2 0 .

0 0 0 .002 0 .005 0 .02 0.

0 0 0 0 .00 1 0 .002 0 .

0 0 0 . 0 0 2 0 . 0 0 5 0 . 0 2 0.

0 0 0 • 0 .00 1 0 .002 0 .

0 0 0 0 0 .001 0 .

0 2 9 2 6 8 2 2 6 1

1,001 3,001 10,001
to to to

3,000 10,000 30,000

1 ,633 5 ,2 14 16 ,325

163 521 1 , 6 3 3

16 52 163

5 2 5 16

05 0.2 0.5 2

005 0 .02 0.05 0.2

05 0.2 0.5 2

005 0 .02 0.05 0.2

003 0.008 0 .03 0 .08

817 2 ,607 8 . 1 6 3

' " 1

i
1
•^is?$rB
I
§iji/Rules and Rej

0.

01
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TABLE 4 - 1 4

Type of Surface Water Body**

Minimal stream
« 10 cfs)
Small to moderate stream
(10 to 100 cfs)
Moderate to large stream
(- • 100 to 1 , 000 cf s )
Large stream to river
( > 1 .000 to 10 ,000 cfs)
Large river
(> 10,000 to 100,000 cfs)
Very large river
(> 100,000 cfs)
Shallow ocean zone or Great
Lake (depth < 20 feet)
Moderate ocean zone or Great
Lake (depth 20 to 200 feet)
Deep zone or Great Lake
(depth > 200 feet)
3-mi le mixing zone in
quiet flowing river
(> 10 cfs)

30 ,00 1 100
to

100,000 300

5 2 , 1 3 7 1 6 3

5 , 2 1 4 16
r >2 1 1

3?

5

0 . 5

5

0 . 5

0 . 3

26 ,068 81

,001
to
,000

, 246

, 3 2 5

. , 33

1 . 63

16

2

16

2

1

,623

(Concluded)

Number of
300,001

to
1 ,000 ,000

52 1 ,360

5 2 . 1 3 6

5 ,2 14

.52 1

52

5

52

'„ ' 5

' , '3 -,

260 ,680 ,

People
1 ,000,001 3 ,000,001

to to
3,000,000 10,000,000

1 , 632 ,455 5 ,2 13 ,590- v

163 ,245 52 1 , 359

1 6 ,325 52 , 136

1 , 632 5 ,2 14

163 521

16 52

163 521

16 52

. ,8 26

816,227 2 ,606 ,795 ,

aRound the number of people to nearest integer. Do not round the assigned dilution-
weighted population value to nearest integer.
Treat each lake as a separate type of water body and assign -it a dilution-weighted
population value using the surface water body type with the same dilution weight from
Table 4 - 1 3 as the lake. If drinking water is withdrawn from coastal tidal water or the
ocean, assign a di lut ion-weighted populat ion value to it using the surface water body
type with the same dilution we igh t f r om Tab In 4 - 1 3 as the coastal tidal water or the ocean
zone .

BILLING CODE •MO-fO-C
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For each type of surface water body, assigna dilution-weighted population value fromTable 4-14, based on the number of peopleincluded for that type of surface water body.

(Note that the dilution-weighted populationvalues in Table 4-14 incorporate the dilution
weights from Table 4-13. Do not multiply thevalues from Table 4-14 by these dilutionweights.)
Calculate the value for the potential

contamination factor (PC) for the watershedas follows:
1 nPC= — I W,10 i=l

where:
W,=Dilution-weigh ted population from Table4-14 for surface water body type i.n=Number of different surface water bodytypes in the watershed.
If PC is less than 1, do not round it to thenearest integer, if PC is 1 or more, round to

the nearest integer. Enter this value for thepotential contamination factor in Table 4-1.
4.1.2.3.2.5 Calculation of population factor

value. Sum the factor values for Level I
concentrations, Level II concentrations, and
potential contamination. Do not round this
sum to the nearest integer. Assign this sum as
the population factor value for the watershed.
Enter this value in Table 4-1.

4.1.2.3.3 Resources. To evaluate the
resources factor for the watershed, select the
highest value below that applies to the
watershed. Assign this value as the resources
factor value for the watershed. Enter this
value in Table 4-1.

Assign a value of 5 if, within the in-water
segment of the hazardous substance
migration path for the watershed, the surfacewater is used for one or more of the followingpurposes:
• Irrigation (5 acre minimum) of

commercial food crops or commercial foragecrops.
• Watering of commercial livestock.
• Ingredient in commercial food

preparation.
• Major or designated water recreation

area, excluding drinking water use.
Assign a value of 5 if, within the in-watersegment of the hazardous substance

migration path for the watershed, the surfacewater is not used for drinking water, but
either of the following applies:

• Any portion of the surface water is
designated by a State for drinking water use
under section 30S(a) of the Clean Water Act,
as amended.

• Any portion of the surface water is
usable for drinking water purposes.

Assign a value of 0 if none of the aboveapplies.
4.1 .2.3.4 Calculation of drinking water

threat-targets factor category value. Sum the
nearest intake, population, and resources
factor values for the watershed. Do not round
this sum to the nearest integer. Assign this
sum as the drinking water threat-targets
factor category value for the watershed. Enter
this value in Table 4-1.

4.1 .2.4 Calculation of the drinking water
I/treat score fora watershed. Multiply the

drinking water threat factor category value*for likelihood of release, waste char-acteristics, and targets for the watershed, and
round the product to the nearest integer. Thendivide by 82,500. Assign the resulting value,
subject to a maximum of 100, as the drinkingwater threat score for the watershed. Enter
this value in Table 4-1.4.1.3 Human food chain threat. Evaluatethe human food chain threat for eachwatershed based on three factor categories:
likelihood of release, waste characteristics,
and targets.4.1.3.1 Human fodd chain threat-likelihood of release. Assign the same
likelihood of release factor category value forthe human food chain threat for thewatershed as would be assigned In section4.1.2.1.3 for the drinking water threat Enterthis value in Table 4-1.4.1J.2 Human food chain threat-wastecharacteristic*. Evaluate the wattecharacteristics factor category for eachwatershed based on two factors: toxicity/persistence/bioaccumulation and hazardous
waste quantity.4.1.3.2.1 Toxicity-/persistence/bioaccumulation. Evaluate all those
hazardous substances eligible to beevaluated for toxicity/persistence in the
drinking water threat for the watershed (see
section 4.1.2.2).

4.1.3.2.1.1 Toxicity. Assign a toxicity
factor value to each hazardous substance as
specified in section 2.4.1.1.4.1.3.2.1.2 Persistence. Assign apersistence factor value to each hazardoussubstance as specified for the drinking waterthreat (see section 4.1.2.2.1.2), except: use the
predominant water category (that is, lakes; orrivers, oceans, coastal tidal waters, or GreatLakes) between the probable point of entryand the nearest fishery (not the nearestdrinking water or resources intake) along thehazardous substance migration path for thewatershed to determine which portion of
Table 4-10 to use Determine the predominant
water category based on distance asspecified in section 4.1.2.2.1.2. For
contaminated sediments with no identifiedsource, use the point where measurementbegins rather than the probable point ofentry.

4.1.3.2.1.3 Bioaccumulation potential. Usethe following data hierarchy to assign abioaccumulation potential factor value to
each hazardous substance:• Bioconcentration factor (BCF) data.• Logarithm of the n-octanol-water
partition coefficient (log K.w) data.• Water solubility data.
Assign a bioaccumulation potential factor
value to each hazardous substance from
Table 4-15.

If BCF data are available for any aquatic
human food chain organism for the substance
being evaluated, assign the bioaccumulation
potential factor value to the hazardous
substance as follows:
• If BCF data are available for both fresh

water and salt water for the hazardous
substance, use the BCF data that correspond
to the type of water body (that is, fresh water
or salt water) in which the fisheries are
located to assign the bioaccumulation
potential factor value to the hazardous
substance.

• If, however, some of the fisheries being
evaluated are in fresh water and some are in
salt water, or if any are in brackish water,
use the BCF data that yield the higher factor
value to assign the bioaccumulation potential
factor value to the hazardous substance.

• If BCF data are available for either fresh
water or salt water, but not for both, use the
available BCF data to assign the
bioaccumulation potential factor value to the
hazardous substance.

If BCF data are not available for the
hazardous substance, use log Kr, data to
assign • bioaccumulation potential factor
value to organic substances, but not to
inorganic substances. If BCF data are not
available, and if either log K^, data are not
available, the log K*, is available but
exceeds 0.0, or the subetance is an inorganic
substance, ate water solubility data to assign
a bioaccumulation potential factor value.

TABLE 4-15.—BIOACCUMULATIONPOTENTIAL FACTOR VALUES •

If bioconcentralion factor (BCF) data are
available for any aquatic human food chain
organism, assign a value as follows: *

BCF

Greater than or eoual to 1 0 0001,000 to toss than 10,000............................
100 to (ess than 1,000 .................................10 to less than 100......................................
1 to less than 10 . ... . . .
Less than 1 ... .. .. .......

Assignedvalue

50,000
5.000
500
50
5

0.5

If BCF data are not available, and log K.,
data are available and do not exceed 6.0,
assign a value to an organic hazardous
substance as follows (for Inorganic hazardous
substances, skip this step and proceed to the
next):

Logi^

5.5 to 6.0.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4.5 to toss than 5.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3.2 to less than 4.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2.0 to less than 3.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0.8 to less than 2 .0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Assignedvalue

50.000
5,000
500
50
5

0.5

If BCF data are not available, and if either
Log KO, data are not available, a log Ko, is
available but exceeds 6.0, or the substance is
an inorganic substance, assign a value as
follows:
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TABLE 4-tS.—BIOACCUMUIATIONPOTENTIAL FACTOR VALUES *—Concluded

Water sohbffiy (mg/Q

Less than 25 . __ „.....__....... _ , _ __. _ .
25 to 500 .. _ . ___ . __________Greater then 600 to 1,500 _ — .. __ ......Greater than 1,500 __ .. ....... - .__... ........

Atttanedvalue
50,000
5,000
500
0.5

If flOlM w th*WO 4MB Mt •VMUMftfv*iue 0(0.5.
•Do not round to nearest Integer. _b See text lor uae oi taahwater and taltwater BCFdata.

Do not distinguish between fresh water andsalt water In assigning the bloaccumulationpotential factor yatoe based on log K^, orwater solubility data.If none of these data are available, assignthe hazardous substance a bioaccumulation
potential factor value of 0.5.

4.1.3.2.1.4 Calculation of toxicity/
persistence/biooccumulation factor value.
Assign each hazardous substance a toxicity/
persistence factor value from Table 4-12.
based on the values assigned to thehazardous substance for the toxicity and
persistence factors. Then assign each
hazardous substance a toxicity/persistence/
bioaccumulation factor value from Table
4-16, based on the values assigned for the
toxicity/persistence and bioaccumulation
potential factors. Use the hazardous
substance with the highest toxicity/
persistence/bioaccumulation factor value for
the watershed to assign the value to this
factor. Enter this value in Table 4-1.
BtUJNG CODE SMO-M-U
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TABLE 4-16

TOXI CITY/PERS I STENCE/BIOACCUMULATION

Toxicity/
Persistence
Factor Value

10 ,000

4.000

1,000

700

400

100

70

40
10

7

4

1

0 . 7
0 .4 -
0 . 0 7

0 .007

0.0007
0

FACTOR VALUES*

Bioaccumulation Potential Factor Value
50,000

5 x 108

2 x 108

5 x 107

3.5 x 107

2 x 107

5 x 106

3.5 x 106

2 x 106

5 x 105

3.5 x 10 5

2 x 105

5 x 1C4

3.5 x IO4

2 x IO4

3 ,500
i

350
35

0

aDo not round to nearest
BILUMO CODE CStt-CO-C

5 .,000

5 x 107

2 x 107

5 x 106

3.5 x IO 6

2 x 106

5 x 105

3.5 x 105

2 x 105

5 x IO4

3.5 x 10A

2 x IO4

5 ,000

3 . 5 0 0

2,000
350

35

3 . 5

0

integer.

500

5 x iO6

2 x IO6

5 x IO5

3.5 x IO5 3
2 x IO5

5 x IO4

3.5 x IO4

2 x IO4

5 .000

3 ,500
2,000

500

350
200

35
3 . 5
0 . 3 5
0

50

5 x IO5 5

2 x IO5 2

5 x IO4

.5 x IO4

2 x IO4

5 . 0 0 0

3 ,500

2 ,000

500

350

200

50
35
20

3 . 5
0 . 3 5

0 .035

0

5

x IO4 5
x IO4 2

5,000
3 ,500
2,000

500
350
200

50

35

20

5

3 . 5
2
0 . 3 5

0 .035

0 .0035
0

0 . 5

,000
,030

500
350

200

50

35

20
3

3 .
2
0.

0.
0 .
0.

0.
0 .
0

5

5
35
2

03.5

0035

00035

173
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4.1.3.2.2 Hazordout waste quantity.

Assign the tame factor value for hazardouswaste quantity for the watershed as would beassigned in section 4.1.2.2.2 for the drinkingwater threat. Enter this value in Table 4-1.
4.1.3.2.3 Calculation of human food chainthreat-waste characteristics factor categoryvalue. For the hazardous substance selectedfor the watershed in section 4.1.3.2.1.4, use itstoxicily/persistence factor value andbioaccumulation potential factor value as

follows to assign a value to the wastecharacteristics factor category. First, multiply
the toxicity/persistence factor value and thehazardous waste quantity factor value for thewatershed, subject to a maximum product of1X10 '. Then multiply this product by thebioaccumulation potential factor value forthis hazardous substance, subject to amaximum product of IX10 >*. Based on thissecond product assign a value from Table2-7 (section 2.4.3.1) to the human food chainthreat-waste characteristics factor category
for the waterahiuL.&ilRr.'hiis.'viliub'ni'̂ iMifc
4-1.

4.1.3.3 Human food chain threat-targets.Evaluate two target factors for eachwatershed: food chain individual and
population. For both factors, determine
whether the target fisheries are subject to
actual ot potential human food chain
contamination.

Consider a fishery (or por.tion of a fisher}')
within the target distance limit of the
watershed to be subject to actual human foodchain contamination if any of the following
apply:

• A hazardous substance having abioaccumulation potential factor value of 500or greater is present either in an observed
release by direct observation to thewatershed or in a surface water or sediment
sample from the watershed at a level thatmeets the criteria for'an Observed release to(he watershed from the site, and at least aportion of the fishery is within the boundariesof the observed release (thai is, it is located
either at the point of direct observation or ator between the probable point of entry andthe most distant sampling point establishingthe observed release).
• The fishery Is closed, and a hazardoussubstance for which the fishery has beenclosed has been documented in an observed

release to the watershed from the site, and atleast a portion of the fishery is within the
boundaries of the observed release.

• A hazardous substance Is present in a
tissue sample from an essentially sessile,
benthic. human food chain organism from thewatershed at a level that meets the criteriafor an observed release to the watershed
from the site, and at least a portion of the
fishery is within the boundaries of the
observed release.

For a fishery that meets any of these three
criteria, but that is not -vholly within the
boundaries of the observed r lease, consideronly the portion of the fishery that is within
the boundaries of the observed release to be
subject to actual human fo< d chain
contamination. Consider th •. remainder of the
fishery within the target distance limit to
be subject to potential food chain
contamination.

• In addition, consider all other fisheries that
are partially or wholly within the target
distance limit for the watershed, including
fisheries partially or wholly within the
boundaries of an observed release for the
watershed that do not meet any of the three
criteria listed above, to be subject to
potential human food chain contamination. If
only a portion of the fishery is within the
target distance limit for the watershed,
include only that portion in evaluating the
targets'factor category.

When a fishery (or portion of a fishery) is
subject to actual food chain contamination,
determine the part of the fishery subject to
Level I concentrations and the part subject to
Level II concentrations. If the actual food
chain contamination is based on direct
observation, evaluate It using Level II
concentrations. However, if the actual food
chain contamination is based on samples
'ninn'toe wa'iers'nea use these samples and, if
available, additional tissue samples from
aquatic human food chain organisms as
specified below, to determine the part subject
to Level I concentrations and the part subject
to Level II concentrations:
• Determine the level of actual

contamination from samples (including tissue
samples from essentially sessile, benthic
organisms) that meet the criteria for actual
food chain contamination by comparing the
exposure concentrations (see section 4.1.2.3]
from these samples (or comparable samples)
to the health-based benchmarks from Table
4-17. as described in section 2.5.1 and 2.5.2.
Use only the exposure concentrations for
those hazardous substances in the sample (or
comparable samples) that meet the criteria
for actual contamination of the fishery.
• In addition, determine the level of actual

contamination from other tissue samples by
comparing the concentrations of hazardous
substances in the tissue samples (or
comparable tissue samples) to the health-
based benchmarks from Table 4-17, as
described in sections 2.5.1 and 2.5.2. Use only
those additional tissue samples and only
those hazardous substances in the tissue
samples that meet all the following criteria:

-The tissue sample is from a location
that is within the boundaries of the
actual food chain contamination for
the site (that is, either at the point of

' direct observation or at or between the
probable point of entry and the most
distant sample point meeting the
criteria for actual food chain
contamination).

-The tissue sample is from a species, of.
aquatic human food chain organism
that spends extended periods of time
within the boundaries of the actual
food chain contamination for the site
and that is not an essentially sessile,
benthic organism.

-The hazardous substance is a substance
that is also present in a surface water,
benthic, or sediment sample from
within the target distance limit for the

watershed and, for such a sample,
- meets the criteria for actual food chain
contamination.

TABLE 4-17.—HEALTH-BASED BENCH-MARKS FOR HAZARDOUS SUBSTANCESIN HUMAN FOOD CHAIN
• Concentration corresponding to Food

and Drug Administration Action Level
(FDAAL) for fish or shellfish.
• Screening concentration for cancer

corresponding to that concentration that
corresponds to the 10*'individual cancer risk
for oral exposures.
• Screening concentration for noncancer

lexicological responses corresponding to theReference Dose (RfD) for oral exposures.
4.1.3.3.1 Food chain individual. Evaluatethe food chain individual factor based on the

fisheries (or portions of fisheries) within thetarget distance limtt.lnr.'fan.-ivtffVKhfvii.
Assign this factor a value as follows:
• If any fishery (or portion of a fishery) is

subject to Level I concentrations, assign a
value of 50.
• If not, but if any fishery (or portion of a

fishery) is subject to Level II concentrations,
assign a value of 45.
• if not. but if there is an observed release

of a hazardous substance having a
bioaccumulation potential factor value of 500
or greater to surface water in the watershed
and there is a fishery (or portion of a fishery)
present anywhere within the target distance
limit, assign a value of 20.
• If there is no observed release to surfacewater in the watershed or there is no

observed release of a hazardous substance
having a bioaccumulation potential factor
value of 500 or greater, but there is a fishery
(or portion of a fishery) present anywhere
within the target distance limit, assign a
value as follows:

-Using Table 4-13, determine the highest
dilution weight (that is, lowest amount
of dilution) applicable to the fisheries
(or portions of fisheries) within the
target distance limit Multiply this
dilution weight by 20 and round to the
nearest integer.

-Assign this calculated value as the
factor value.

• If there are no fisheries (or portions of
fisheries) within the target distance limit of
the watershed, assign a value of 0.

Enter the value assigned in Table 4-1.
4.1.3.3.2 Population. Evaluate the

population factor for the watershed based on
three factors: Level 1 concentrations, Level II
concentrations, and potential human food
chain contaminaliroj..O«.lft.'roin(fc'tihi«hiVji,'(Ui-
applies for a fishery (or portion of a fishery)
as specified in section 4.1.3.3.

4.1.3.3.2.1 Level I concentrations.
Determine those fisheries (or portions of
fisheries) within the watershed that are
subject to Level I concentrations.

Estimate the human food chain population
value for each fishery (or portion of a fishery)
63 follows:

-.- • Estimate human food chain production
for the fishery based on the estimated annual
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organisms ( .that fishery, except tf DM fishery Is cloeedand. haiardous .ubsUoos far which, thefishery hat been closed KM bwn documentedin an observed release to the fishery from •source at the site, use the estimatedannual -•production for Ike period prior to dosure ofihe fishery or nsrthe estimated annualproduction bom comparable fisheries thatare not closed. . ; '.'. \.: , • ; . . . - • .-. 'Assign the fisheiyi valve foe human , >-food chain population from Table 4-18, baaed

e the value for Ihe'tMJtential-human

on the estimated Ithe fishery. n food production for
• Set boundaries between fisheries atthose points where human food chainproduction changes or what* the surfacewater dilution wvtght chanieSi ~~

value tor
product is less than 1. do not round H to theneaj^ integer; if lor mot* round to the :

nearest integer. Assign the neulting value asthe Level I concentrations factor>value. Enterthis value.in Table 4-1. . . • • " : • , - ,4.1J.3.2J Level II coaoentratioM.Determine those fisheries (or portions offisheries) within the-watersaed that aresubject to Level II concentrations. Do netInclude any Bakeries (or portions of fisheries)alreadyoMinted under the LevelT —- ••'- •*-:".r.-C:f~-n?jf^•*«>..A ••' •'>{orpBrtionofalshery)I chain population fromTable 4-16. baaed on tin estimated human -food production for the-fishejry. Estimate thehuman food chain production for the fisheryas specified in section 4.1 J.3.2.1.Sum the human food chain populationvalue for each fishery (and portion of a

aireany •oDvmea unaer acx>ncentratle*rieetor. -.<Assign eadrfisiterWoe value for human food«

round to .the « Jhe.resulting value as the UvallloiBjkcentratioQsfactor value. {biter, this value In table 4-1. •
TABLE 4-1 8.— HUJMAN Rocp CHAIN ••>.-POPULATION VALUES*-
Human food chain production•(pounds per year) ;

o._
Greater than b to 100.....Greater than 100 to 1.000,Greeter then 1^)00 to 10,000 _u__Greeter than 10,000 to 100.000 .......Greater than 100.000 to 1^00,000..Greeter than 10? lo 10'...Greater than 10' lo'lO*...Greater than 10* lo 10*...._.._„
Greater than 10*......._._;__.

value
00.03

03
331

310
3.100

31,000310,000
3.100,000

• Do not round to nearest Integer.
4.1.3.3-2.3 Potential human food chaincontamination. Determine those fisheries (orportions of fisheries) within the watershedthat are subject to potential human food

chain contamination. Do not Include thosefisheries (or portion of fisheries) alreadycounted under the Level I or Level IIconcentrations factors.

food chalri containihation factor (PF) for the
watershed as follows:
' • • • ' • • " - i n 1

PF-— I PA10 1-1

where:
Pi*=Human food chain population value for• -"-fishery L - - • • • • • •
D,-Dilution weight from Table 4-13 for.._ fishery Ln=Number of fisheries subject to potentialhuman food chain contamination.In calculating PF:• Estimate the human food chainpopulation value (PJ for a fishery (or portionof* fishery) as specified in section 4.1 JO2.1.,;..• Assign tbe^snery (or poeUon of efishery) a dilution weight as indicated inTable 4-13 (section 4.1^3.1). except: do notassign a dlhition weight of 0.5 for a "3-milemixing xpne in quiet flowing river": insteadassign a dilution-weight based on the averageannual flow. .
If PF is less than 1, do not round it to thenearest integer, if PF is 1 or more, round tothe nearest integer. Enter the value assigned

in Table 4-1.4.144i4 Calculation of population factor
' MtftMrSum the values for <he Level IOQnoentraUons,,Level O concentrations, andpotential human food chain contaminationfactors fof the watershed. Do hot round this-sum to the nearest integer. Assign it as thepopulation factor value for the watershed.Enter this value in Table 4-1.

4.1.3.3.3 Calculation of human food chain*threat-targets factor category value. Sum Ihe
food chain individual and population factor.values for the watershed. Do not round this

• sum to the nearest integer. Assign it as ihetuman food chain threat-targets factor • --category value1 for the watershed. Enter thisvalue jrt Table 4-1.
4.1 J.4 Calculation of human food chain'•'• threat tcofe for a watershed. Multiply thehuman food chain threat -factor categoryvalues for likelihood of release, .wastecharacteristics, and targets for the watershed,•and round the product to the nearest integer.Then divide by 82,600. Assign the resulting. value; subject to a maximum of 100, as thehuman food chain threat score for thewatershed. Enter this score in Table 4-1.4.1.4 Environmental threat. Evaluate theenvironmental threat for the watershed based

on three factor categories: likelihood of
release, waste characteristics, and targets.4.1/4.1 Environmental threat-likelihood ofrelease. Assign the same likelihood of release
factor category value for the environmentalthreat for the watershed as would be
assigned in section 4.1.2.1.3 for the drinking
water threat. Enter this value in Table 4-1.4.1.4-2 Environmental threat-waste
characteristics. Evaluate the wastecharacteristics factor category for eachwatershed based on two factors: ecosystemtoxidty/persislence/bioaccumulation and
hazardous waste quantity. '

4.1.4.2.1 Ecosystem toxicity/persistence/
bioaccumulation. Evaluate all those
hazardous substances eligible to be

<evaraaled-fortoxic1ty/pers1stenceinthe '
drinking water threat for the watershed (see
section 4.1^2).

4.1.4.2.1.1 Ecosystem toxicity. Assign an
ecosystem toxicity factor value from Table
4-19'to each hazardous substance on the
basis of the following data hierarchy:

o EPA chronic Ambient Water Quality
Criterion (AVVQC) for the substance.
• EPA chronic Ambient Aquatic Life

Advisory Concentrations (AALAC) for the
substance. '

• EPA acute AWQG for the substance.
- « EPA acute AALAC for the substance.
• Lowest Lpu value for the substance.
In assigning the ecosystem toxicity factor

value to the hazardous substance:
• If eitheran BPAchronic AWQC or

AALAC> •vaflsfctalor the hazardoussubstance, use It to assign the ecosystem
toxicity factor value. Use the chronic AWQC

. hi preference ta the'chronic AALAC when
both ere available.
• If neither is available, use the EPA acute

AWQC or AALAC to assign the ecosystem
toxicity factor value. Use the acute AWQC in
preference to the acute AALAC
• If none of the chronic and acute AWQCs

and AALACs Is available, use the lowest
LC«* value to assign the ecosystem toxicity
factor value.
«;If an LCw value is also not available,

assign an ecosystem loxicity factor value of 0
lo the hazardous substance and use other
hazardous substances for which data are
available in evaluating the pathway.

If an ecosystem toxicity factor value of 0 is
assigned to all hazardous substances eligible
to be evaluated for the watershed (that is,
insufficient data are available for evaluating
a!l\he* substances], use a default'value of 100

• as the ecosystem toxicity factor value for all
these hazardous substances.

With regard to the AWQC AALAC. or
L€M selected for assigning the ecosystem
toxicity factor value 4o the hazardous
substance:
• If values for the selected AWQC

AALAC or LQ* are available for both fresh
water and marine water for the hazardous
substance, use the value that corresponds to
the type of water body (that is. fresh water or
salt water) hi which the sensitive
environments are located to assign the
ecosystem toxicity factor value to the
hazardous substance.!

• 'If, however, some of the sensitive
environments being evaluated are In fresh
water and some are in salt water, or lf any
are in brackish water, use the value (f-esh
water or marine) that-yields the higher factor
value to assign die ecosystem toxicity factor
value to the hazardous substance.

• If a value for the selected AWQC.
AALAC or LC» is available for either fresh
water or marine water, but not for both, use
the available one to assign an ecosystem
toxicity factor value to the hazardous
substance.
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TABLE 4-19.—ECOSYSTEM ToxicnrvFACTOR VALUES

II an EPA chronic AWQC* Or AALAC* It available,assign a vaUM •• I oflows:'

EPA chronic AWQC or AALAC

1 to 10 pg/1 . __ .„ ...._........ ....... ..._^_.,
Greater than 10 to 100 MO" —— _...~L~Greater than 100 to 1,000 f»g/l ___ _
Greater than 1,000 |ig/l_. „„ . . . . . . „ . , , . : .

Assignedvalue
10.000
1.000
100 i«1

M neither an EPA chronic AWQC no* EPA chronicAALAC Is avatotUe, atalgn a vahjt baead onthe EPA acute AWOC or AALAC as toftowsc'

EPA acute AWOC or AALAC <

100 to 1,000 jig/I _ ...................... ... . _ .Greater than 1.000 to 10.000 jifl/l.............Greater than 10.000 to 100.000 pgl ._..
Greater than 100.000 jig/I ..........................

Assignedvalue
10,0001.000

100
101

TABLE 4-19, EcbsVsTEMTpxicrrvFACTOR VALUES—Concluded
If neither an EPA chronic or acute AWQC norEPA chronic or acute AALAC Is available,assign a value from the LCu as follows:

EPA acute AWQC or AALAC

LC*

Less than 100 fig/I _ .. _ ... __ . _ __ ...100 to 1.000 (ig/l .................. ___ . ___Greater than 1.000 to 10.000 fig/1 ..—__..Greater than 10.000 to 100,000 ̂ /l ........Greater than 100.000 pg/l. _ . ........ .: .._._..

value
10.000
1.000
100
101

H none of the AWOC* and AALACs INK the LC«to available, assign a value of 0.
•AWQC—Ambient Water Quatty Criteria.'AALAC—Ambient Aquatic Life Advisory Concen-trations.•Use the AWQC value in preference to theAALAC when both are available. See text for use offreshwater and marine values.
4.1.4.2.1.2 Persistence. Assign a

persistence factor value to each hazardoussubstance as specified in section 4.1.2.2.1.2.
except use the predominant water category(that is lakes: or rivers, oceans, coastal tidalwater*, or Great Lakes) between the probablepoint of entry and the nearest sensitiveenvironment (not the nearest drinking water
or resources intake) along the hazardous
substance migration path for the watershed

to detenrtne wfcteh portion of Table 4-10 to
use. Deterrnrne the predominant water
category based on distance as specified in
section 4.1.2.2.1.2. For contaminatedsediments with no identified source, use thepoint where measurement begins rather thanthe probable point of entry.

4.1.4.2.1.3 Ecosystem bit/accumulationpotential. Assign an ecosystembioaccumulation potential factor value toeach hazardous substance in the samemanner specified for the bioaccumulationpotential factor in section 4.1.3.2.1.3. except:• Use BCF data for all aquatic organisms.
not just for aquatic human food chainorganisms.
• Use the BCF data that corresponds to thetype of water body (that is, fresh water orsalt water) In which (he sensitivei in iiiinimnts (ant Baharies) are located.

toxicity/penitttnix/biooccumulation factor
value. Assign each hazardous substance anecosystem toxidly/persistence factor value
from Table 4-20, based on the values
assigned to the hazardous substance for theecosystem toxicity and persistence factors.
Then assign each hazardous substance anecosystem toxidty/persistence/bioaccumulation factor value from Table4-21, based on the values assigned for theecosystem toxidty/persistence and
ecosystem bjoaccumulation potential factorsSelect the hazardous substance with thehighest ecosystem toxidty/persistence/
bioaccurauktioo factor value for the
watershed and use it to assign the value to
this factor. Enter this value in Table 4-1.

TABLE 4-20.—ECOSYSTEM TOXICITY/PERSISTENCE FACTOR VALUES •
Ecosystem toxicity factor value. persBtence factor value

1.0 ....................... .... . ..._ . __ . _ . ' '
0.4 ..............._..........._._ .._ . __ .__
0.07..... . . . . __ ...... .
0 0007 .._.......... __ .............. __ .... .. _ ._ ' _

10£00
10000 '
4000
700
7

ijooo:
1000
400
70
0.7

100

100
40
7

0.07

10.

10
4

0.7
0007

1

1
0.4

0.07
0.0007

0

0
0
0n

• Do nol round, to nearest integer.

BILLING CODE S5SO-SO-M



Federal Register / Vol. 55, No. 241 / Friday, December 14.1990 / Rules and Regulations 51623
.•,. ',« » . - . - : . < . • TABLE 4-21

ECOSYSTEM TOXICITY/PERSISTENCE/BIOACCUMULATION FACTOR VALUES*

EcosystemToxic ity/PersistenceFactor Value

10 ,000

4 , 0 0 0
1,000

700 :,

400

Ecosystem Bioaccumulation Potential Factor Value
50.000

5 x 108

2 x 10a

- 5 x 107

.'T^x'-io?;.:
2 -x 107

100 ' 5 x 10°

70 3.5 x 106

40 2 x 10°

10 5 x 105

-7 . . . 3,5 x 105

4

- 1 - . ' '
' •. v • .•'<

0,7 '" \
0 . 4

0 ,07

0 . 0 0 7

0 .0007
^ 0

2 x 10 J

, . • ; . . . J . .X.1C4 . ; .
3 . 5 x-10*

2 x 104

3 ,500
- : .350

35
0

5 ,000

5 x 107

2 x 107

5 x 106

• 3 : 5 x 106

- 2 x 106

5 x 105

S.5 x 105

2 x 105

5 x 104

J . 5 x 1 0 *

2 x 10*

; . ^5,000
- 3 , 5 0 0

2 ,000

350

35

' - - . - ' 3 . 5

0

500

5 x 106

2 x 10*

5 x 10s

3.5 x 105 -3.
2 x 105

5 x 104

3.5 x 104

2 x 104

5 ,000

3 , 5 0 0

2 ,000

500

350 •

200

35

3 . 5

0 . 3 5
0

50

5 x 105 5
2 x 105 2
5 x 104

5 x LO4

2 x 104

5 , 000

3 . 500

2 ,000
500
350

200

. - .so :, .>
35 .
2 0 '

3 . 5
0 . 3 5
0 . 0 3 5
0

5

x 104

x 104

5,000
3 .500
2 ,000

500

350

200

50

35

20

- v ' - 5

3 . 5

2
0 . 3 5

0 . 0 3 5

0 . 0 0 3 5

0

0 . 5

5 ,000

2 ,000

500

350

200

50

25

20

5

3 . 5
2

- 0 . 5

0 . 3 5

0 . 2

0 . 0 2 5

0 . 0 0 3 5

0 . 0 0 0 3 5

0
aDo not round to nearest integer.
BILLING CODE (MO-CO-C

190
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4.1.4^2 Hazardous waste quantity.Assign the same factor value for hazardous

waste quantity for the watershed as would beassigned in section 4.1.2JL2 for the drinkingwater threat. Enter this value in Table 4-1.
4.1.4.2.3 Calculation of environmental

threat-waste characteristics factor category
value. For the hazardous substance selectedfor the watershed in section 4.1.4.2.1.4, use itsecosystem toxidty/persistence factor valueand ecosystem bloaccumulation potential
factor value as follows to assign a value tothe waste characteristic* factor category.First, multiply the ecosystem toxteity/
persistence fa'ctor value and the hazardouswaste quantity factor value for the* •watershed, subject to a maximum product of1 x 10'. Then multiply this product by theecosystem bioaccumulation potential factor
value for this hazardous substance, subject to

a maximum product of 1 XlO1* Based on thissecond product assign a value from Table
2-7 (section 2.4.3.1) to the environmental threat-waste characteristics factor category for the
watershed. Enter this value in Table 4-1.
TABLE 4-22.—ECOLOGICAL-BASEDBENCHMARKS FOR HAZARDOUSSTANCES IN SURFACE WATER SUB-

• Concentration corresponding to EPA
Ambient Water Quality Criteria (AWQC) for
protection of aquatic life (fresh water or
marine).• Concentration corresponding to EPA
Ambient Aquatic Life AdvisoryConcentrations (AALAC).

• Select the appropriate AWQC andAALAC as follows: •
-Use chronic value, if available:otherwise use acute value.
-If the sensitive environment being

evaluated is in fresh water, use freshwater value, except: if no fresh water
value is available, use marine value ifavailable.

-If the sensitive environment being
evaluated is in salt water, use marinevalue, except: if no marine value is
available, use fresh water value ifavailable.

-If the sensitive environment being
evaluated is in both fresh water and
•alt water, or is in brackish water, use
lower of fresh water or marine values.

TABLE 4-23.—SENSITIVE ENVIRONMENTS RATING VALUES
Sensitive environment Assignedvalue

Critical habitat • lor Federal designated endangered or threatened species....................................
Marine Sanctuary
National Park
Designated Federal Wilderness AreaAreas identified under Coastal Zone Management Act'Sensitive areas identified under National Estuary Program' or Near Coastal Waters Program'Critical areas identified under the Clean Lakes Program •National Monument'National Seashore Recreational AreaNational Lakeshore Recreational Area

100

Habitat known to be used by Federal designated or proposed endangered or threatened species........................._........................................._...............................National PreserveNational or State Wildlife RefugeUnit of Coastal Barrier Resources SystemCoastal Barrier (undeveloped)Federal land designated for protection of natural ecosystemsAdministratively Proposed Federal Wilderness AreaSpawning area* .critical«for the maintenance of Ush/shettfish species vwthin river, lake, or coastal tidal watersMigratory pathways and feeding area* critical tor maintenance of anadrornous fish species within river reaches or areas in lakes or coastal tidal waters inwhich (he fish spend extended periods of timeTerrestrial areas utilized for breeding by large or dense aggregations of animals *National river reach designated as Recreational

75

Habitat known to be used by State designated endangered or threatened species....................................Habitat known to be.used by species under review as to its Federal endangered or threatened statusCoastal Barrier (partially developed)Federal designated Scenic or Wild River

50

State land designated for wildlife or game management......................................................................State designated Scenic or Wild RiverStale designated Natural AreasParticular areas, relatively small in size, important to maintenance of unique biotic communities

25

State designated areas for protection or maintenance of aquatic life'
• Critical habitat as defined in SO CFR 424.02. ,• Areas identified in State Coastal Zone Management plans as requiring protection because of ecological value.'National Estuary Program study areas (subareas within estuaries) identified in Comprehensive Conservation and Management Plans as requiring protectionbecause they support critical life stages of key estuanne species (Section 320 of Clean Water Act as amended).' Near Coastal Waters as defined in Sections 104(b)(3), 304(1), 319, and 320 of Clean Water Act. as amended.•Clean Lakes Program critical areas (subareas within lakes, or in some cases entire small lakes) identified by State Clean Lake Plans as critical habitat (Section314 of Dean Water Act, as amended).' Use only for air migration pathway.• Limit to areas described as being used lor intense or concentrated spawning by a given species.• For the air migration pathway, limit to terrestrial vertebrate species. For the surface water migration pathway, limit to terrestrial vertebrate species with aquatic orsemiaquatic foraging habits.' Areas designated under Section 305(a) of Clean Water Act. as amended.
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TABLE 4-24.—WETLANDS RATwa VALUESFOR SURFACE WATER MIQRATION PATH-WAY

Total length ol wetbjnde •(>"•**)

Less than 0.1 .o.i to i...___..._Greater than 1 to 2..Greater than 2 to 3.Grcattr tian 3 to 4.

Greater than 1* to 20.Greater than 20———

0
25
50
75100
150280aso
450
600

• Wettande -as detnsd to 40 Cm Sector 230.3.
4.1.4JEvaluated*

factor category far •factor sensitive
4.1.4J.1 5)

ten* one
it*. Evaluatesensitive environments along die hazardoussubstance migration path for die watershedbased on three factors: Level Iconcentrations, Level n concentrations, andpotential contamination.

Determine which factor applies to eachsensitive environment as specified in section4.1.23. except: ase ecological-basedbenchmark* (Table 4-22) rafter than health-based benchmark* (Table 8-10) to -'determining the level of oontaaUnatlon fromsamples. In determining the level of actualcontamination, use a point of directobservation anywhere winMn the sensitiveenvironment or samples (that is. surfacewater, benthic, or sediment samples) takenanywhere within or beyond Ike sensitiveenvironment (or anywhere adjacent to orbeyond the seneWv* envliauaiant If it is
4.1A11.1 LntilopiasatMtfaltt. Assignvalae(s) from Table 4-28 to each sensitiveenvironment •abject to Level Iconcentrations. ; • • ' ' • •For those sensitive environments that arewetlands, assign aa additional value fromTable 4-34. In anfantnf • valae bom Table4-24, include only those portion* of wetlandslocated along the haxardoa* aabataaoemigration path la the are* of Level Iconcentrations. If a wetland Is locatedpartially along the area of Level 1

concentrations and parttafly elong the area ofLevel D concentrations and/or potentialcontamination, then solely far purposes of
Table 4-24, count the portion(s) along the
areas of Level II concentrations or potentialcontamination under the Level H
concentrations factor (section 4.1.4.3.1.2) or
potential contamination factor (section4 1.4.3.1.3), as appropriate.
Estimate the total length of wetlands alongthe hazardous substance migration path (thatis, wetland frontage) in the area of Level I

concentrations and assign a value from Table
4-24 based on this total length. Estimate thislength as follows:

• For an isolated wetland or for a wetland
where the probable point of entry to surface
water is in the wetland, use the perimeter of
(hat portion of the wetland subject to Level Iconcentration? at the length.

• For rivers, use 4he length of the wetland*contiguous to die in-watar segment of thehazardous substance migration path (that is,wetland frontage).• For lakes, oceans, coastal tidal waters,
and Great Lakes, use the length of thewetlands along the shoreline within the target
distance limit (that is, wetland frontage alongthe shoreline).Calculate die Level I concentrations factorvalue (SH) for the watershed as follows:

SH=10(WH+ I Si)1-1

where:
WH-Value assigned from Table 4-24 towetlands along the area of Level Iconcentrations. .8,=Valuers) assigned from Table 4-23 tosensitive environment i.n=Number of sensitive environments fromTable 4-23 subject to Level 1

concentrations.
Enter the value assigned in Table 4-1.
4.1.4.3.1.2 Lfvel II conamtfatioit*. Assign

value(s) from Table 4-23 to each sensitiveenvironment subject to Level IIconcentration*. Do not include sensitiveenvironment* already counted for Table 4-23under die Level I concentrations factor for
this watershed.For those sensitive environments that are
wetlands, assign an additional value fromTable 4-24. In assigning a value from Table4-24, Include only those portions of wetlandslocated along the hazardous substancemigration path in the area of Level Uconcentrations, as specified in section4.1.4.3.1.1.Estimate die total length of wetlands alongthe hazardous substance migration path (thatis, wetland frontage) in die area of Level IIconcentration* and assign a value from Table4-24 based on das total length. Estimate thislength as specified in section 4.1.4.3.1.1,
except: for an isolated wetland or for awetland where die probable point of entry tosurface water is in the wetland, use theperimeter of dial portion of the wetlandsubject to Level D (not Level I)concentrations a* die length.Calculate the Level D concentrations value(SL) for die watershed as follows:

nS1.=WL+ I S,

where:
WL = Value assigned from Table 4-24 to

wetlands along the area of Level II
concentrations.

S, = Value(s) assigned from Table 4-23 to
sensitive environment i. .

n = Number of sensitive environments from
Table 4-23 subject to Level II
concentrations.

Enter the value assigned in Table 4-1.
4.1.4.3.1.3 Potential contamination. Assign

value(s) from Table 4-23 to each sensitive
environment subject to potential

contamination. Do not include sensitive
environments already counted for Table 4-23
under the Level 1 or Level II concentrationsfactors.

For each type of surface water body in
Table 4-13 (section 4.1.2.3.1). sum the value(s)assigned from Table 4-23 to die sensitiveenvironments along that type of surfacewater body, except: do not use the surfacewater body type "3-mile mixing cone in quieiflowing river." If a sensitive environment isalong two or more type* of surface waterbodies (for" example, Wildlife Refugecontiguous to both a moderate stream and alarge fiver), aasign the sensitive environmentonly to that surface water body type havingthe highest dilution weight value from Tabie
4-18.• For those sensitive environments that arewetlands, aia\gn m additional value fromTable a-M. la i nigging a vatoe from Table4-24, include only those portions of wetlandslocated along the hazardous substancemigration path in the area of potentialcontamination, aa specified in section4.1.4.3.1.1. Aggregate these wetlands by typeof surface water body, except: do not use thesurface water body type "3-mile mixing zone
in quiet flowing river." Treat the wetlands
aggregated within each type of surface water
body as separate sensitive environmentssolely for purposes of applying Table 4-24.Estimate the total length of the wetlandswithin each surface water body type asspecified in section 4.1.4J.I.I, except: for anisolated wetland or for a wetland when theprobable point of entry to surface water is inthe wetland, use the perimeter of that portionof the wetland subject to potentialcontamination (or the portion of thatperimeter that to within the target distancelimit) M the length. Assign a separate valuefrom Table 4-44 for each type of surfacewater body in the watarahad.: Calculate the potential contaminationfactor value (SP) for the watershed as
follows:

SP=- I
10 }»1

where:
n

S, - ZS,1=1
Su=Value(s) assigned from Table 4-23 to

sensitive environment i in surface water
body type j.

n = Number of sensitive environments from
Table 4-23 subject to potential
contamination.

W, = Value assigned from Table 4-24 for
wetlands along the area of potential
contamination in surface water body
type j.

D,=Dilution weight from Table 4-13 for
surface water body type j.

in = Number of different surface water body
types from Table 4-13 in the watershed.

;' If SP is less than 1, do not round it to the
nearest integer; if SP is 1 or more, round to
the nenrent integer Enter this value for the
potential contamination factor in Table 4-1.
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4.1.4.3.1.4. Calculation of environmentalthreat-targets factor category value. Sum the

values for the Level 1 concentrations Level II
concentrations, and potential contamination
factors for the watershed Do not round this
sum to the nearest integer. Assign this sum asthe environmental threat-targets factor
category value for the watershed. Enter this
value in Table 4-1.

4.1.4.4 Calculation of environmentalthreat score for a watershed. Multiply the
environmental threat factor category valuesfor likelihood of release, wastecharacteristics, and targets for the watershed,and round the product to the nearest integer.
Then divide by 82.500. Assign the resultingvalue, subject to • m««immn of 60, as theenvironmental threat score for the watershed.Enter this score In Table 4-1.4.1.5 Calculation of overland/floodmigration component score far a watershed.Sum the scores for the three threats for thewatershed (that is. drinking water, humanfood chain, and environmental threats).
Assign the resulting •core, subject to amaximum value of 100, as the surface wateroverland/flood migration component scorefor the watershed. Enter this score in Table4-1.

4.1.6 Calculation of overland/floodmigration component score. Select thehighest surface water overland/floodmigration component score from thewatersheds evaluated. Assign this score asthe surface water overland/flood migrationcomponent score for the site, subject to a
maximum score of 100. Enter this score inTable 4-1.

4.2 Ground water to surface water
migration component. Use the ground waterto surface water migration component toevaluate surface water threat! that resultfrom migration of hasardons substances froma source at the site to surface water viaground water, Evaluate three types of threatsfor this component: drinking water threat,human food chain threat, and environmentalthreat.

4.2.1 General considerations.
4.2.1.1 Eligible surface waters. Calculateground water to surface water migrationcomponent scores only for surface waters(see section 4.O2) for which all the following

conditions are met: •• A portion of the surface water is within 1mile of one or more sources at the site havinga containment factor value greate< than 0 (see
section 4.2.2.1.2).

••• No aquifer discontinuity Is established
between the source and the portion of thesurface water within 1 mile of the source (see
section 3.0.1.2.2). However, if hazardous
substances have migrated across an apparent
discontinuity within this 1 mile distance, donot consider a discontinuity present in
scoring the site.• The top of the uppermost aquifer is at orabove the bottom of the surface water.

Do not evaluate this component for sites
consisting solely of contaminated sedimentswith no identified source.. 4.2.1.2 Definition of hazardous substancemigration path for ground water to surfacewater migration component. The hazardoussubstance migration path includes both .theground watersegment and the surface waterin-water segment that hazardous substanceswould take as they migrate away fromsources at the site:• Restrict the ground water segment tomigration via the uppermost aquifer betweena source and the surface water.• Begin the surface water in-water segmentat the probable point of entry from theuppermost aquifer to the surface water.Identify the probable point of entry as thatpoint of the surface water that yields theshortest straight-line distance, within the
aquifer boundary (see section 3.0.1.2), fromthe sources at the site with a containment
factor value greater than 0 to the surfacewater.

-For rivers, continue the In-water
segment in the direction of flow(including any tidal flows) for thedistance established by the targetdistance limit (see section 4.2.1.4).-For lakes, oceans, coastal tidal waters,or Great Lakes, do not consider flowdirection. Instead apply the targetdistance limit as an arc.-If the in-water segment includes bothrivers and lakes (or oceans, coastaltidal waters, or Gnat Lakes), apply thetarget distune* limit to their combinedin-water segments.

Consider a site to be in two or more
watersheds for this component if two or morehazardous substance migration paths fromthe sources at the site do not reach a commonpoint within the target distance limit If thesite is in more than one watershed, define aseparate hazardous substance migration pathfor each watershed Evaluate the ground
water to surface water migration component

for each watershed separately as specified Insection 4.2.1.5.
4.2.1.3 Observed release of a specifichazardous substance to surface water in-water segment. Section 4.2.2.1.1 specifies the

criteria for assigning valuer to the observedrelease factor for the ground water to surface
water migration component With regard toan individual hazardous substance, consideran observed release of that hazardoussubstance to be established for the surfacewater in-water segment of the ground waterto surface water migration component onlywhen the hazardous substance meets thecriteria both for an observed release both toground water (see section 4i2.l.l) and for an. observed release by chemical analysis tosurface water (see section 4.1.2.1.1).' If the hazardous substance meets thesection 4.12.U criteria for an observedrelease by chemical analysis to surface waterbut does not also meet the criteria for anobserved release to ground water, do not useany samples of that hazardous substancefrom the surface water in-water segment inevaluating the factors of this component (for
example, do not use the hazardous substancein establishing targets subject to actualcontamination or in determining the level ofactual contamination for a target).

4.2.1.4 Target distance limit Determinethe target distance limit for each watershedas specified in section 4.1.1.2. except: do notextend the target distance limit to a samplelocation beyond 15 miles unless at least onehazardous substance in a sample from thatlocation meets the criteria in section 4.2.1.3
for an observed release to the surface waterin-water segmentDetermine the targets eligible to beevaluated for each watershed and establishwhether these targets are subject to actual orpotential contamination as specified insection4.1.12, except do not establish actualcontamination based on a sample locationunless at least one hazardous substance in asample from that location meets the criteria
in section 4.2.1.3 for an observed release tothe surface water in-water segment4.2.US Evaluation of ground water tosurface water migration component Evaluate
the drinking water threat human food chainthreat and environmental threat for eachwatershed for this component based on threefactor categories: likelihood of release, wastecharacteristics, and targets. Figure 4-2indicates the factors Included within eachfactor category for each type of threat.
BHJJNO COM *MO-«0-*I
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Determine the ground water to surface

water migration component score (SOT) for awatershed in terms of the factor category
values as follows:

U^-Likelihood of release factor category
value for threat i (that i«. drinking water,
human food chain, or environmental
threat).WC, =- Waste characteristics factor category
value for threat i

T,=Targets factor category value for threat i.
SF»Scallng factor.

ground water to surface water migration
component score for the site.
If me site is in more than one watershed:
• Calculate a separate ground water to

surface water migration component score for
each watershed, using likelihood of release.
waste characteristics, and targets applicable
to each watershed.

SF

where:

procedure.
If the «Ue is in only one watershed, assign

the ground water to surface water migrationcomponent score for that watershed as the

surface water migration component score
from the watersheds evaluated and assign it
as the ground water to surface water
migration component score for the site.

TABLE 4-25.—GROUND WATER TO SURFACE WATER MIGRATION COMPONENT SCORESHEET
Factor categories and factors Maximumvalue Value assigned

1 . . Drinking Water ThreatLikelihood of flslssss to Aquifer:1. Observed Release_....._.............._...............................i....................-.....—........—.........................._.................................... 550
2. Potential to Release:2a. Containment...__..............._.......,........._..___............._.....____......_.........................._............_._............. 10

2b. Net Precipttation._...._..._..._..._...__————....................................———.————.........„........__......._...„............ 10
2c. Depth to Aouifer...____,_______,_..___._._............_............_......................._._....._.__..._............. 5
2d. Travel Time....___.__....______.____.__._.._......_....___.._........_.__._____.._.__..... 35
2e. Potential to Release (lines 2aC2b+2c+2dl)——___.........„...„.............................__...„..——.......__......................... 500

3. Likelihood ol Release (higher of fines 1 and 2»)._......._._......................................................................................................... 550Waste CnaracterlaOca:4. Toxicity/Mobillty/Perslstence............_......_____...._....._._.__._...................................._._...___.............._................ (a)
5. Hazardous Waste Quantity....________._____._......_......._....................................._._._......__.............. (a)
6. Waste Characteristics.__._.,......____________..___..............................._._.._____...._.............. 100

Targets:7. Nearest Intake......__...........__.....___._____._.._....._.__..___..__._______............................. 50
8. Population

fla. Level I Concentrations...........__...........__._..................................................................................................... (b)
8b. Level II Concentrations........................._____._.........._............................................................_........................ (b)8c. Potential Contamination..............................................................................._._....._______.__........................ (b|Bd. Population (lines 8a + 8b + 8c)_..............................................................._____..._______...._........_9. Resources..................................._...............„..._....._...................______._..____._____...._._.......... 510. Targets (lines 7 + 8d + 9)......_.........._........_..................................___________....._____.._..._...........„.. (b)Drinking Water Threat Score:

11. Drinking Water Threat Score ([lines 3 x $ x 101/82,500, subject to a maximum of 100)..................___.......................... 100
Human Food Chain ThreatLikelihood of Release:

12. Likelihood of Release (same value as line 3)..:............................._.......................................................................................... 550Waste Characteristics:
13. Toxicity/Mobility/PersisterKM/BioaccurrKjIation........................____.__...............„..........._.......„.............._........_..... (a)14. Hazardous. Waste Quantity............—..—————....„._.__.....„...„......_._...—.._.._.————___...................... (a)15. Waste Characteristics _...__....................__.............................______.___________..._............... 1,000Targets:
16. Food Chain Individual..............................-...:......_._..„_................................._..........._______......__...................... 5017. Population:

17a. Level I Concentrations._....—...........__.._..„._.„...._._................___..__________....................... (b)
17b. Level II Concentrations ......________................__..____....................._______........__............. (b)
I7c. Potential Human Food Chain Contamination __._....._........................._______.___..........._........ (b)I7d. Population (lines 17a + 17b + 17c).....__.....„........_......_.._..._.._..___......_.._......__..............__....... (b)18 Targets (Lines 16 + 17d).............................._............................_..................._._............_..____........._............ (b)Human Food Chain Threat Score:

19. Human Food Chain Threat Score (tlines 12 x 15 x 181/82.500. subject to a maximum of 100).......................................... 100
Environmental ThreatLikelihood of Release:

20. Likelihood of Release (same value as line 3).... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 550Waste Characteristics:
21 Ecosystem Toxcily/Mobility/Persislence/Bioaccumulation..........................._....................................._..__................_.............. (a)22. Hazardous Waste Quantity.... . . . . . . . . . . . . . . . . . . . . . . . . ......_....................................................................„..............__.._..__................... (a)
23. Waste Characteristics.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................................................_.............................„......_.._.._.....__.............. 1 .000Targets:
24. Sensitive Environment:

24a. Level I Concentrations... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ . . _ . . . . . . . . . . . . . . . . . . . .! (b)
24b. Level II Coricentmtlons............................._.............................._......................................._........_....._..............___............. (b)24c. Potential Contamination........................_............................,................._...................._..................;........_.........._..........., (b)
24d. Sensitive Environments (lines 24a + 24b + 24c).............................................................................................................. (b)

25. Targets (value Iron line 24d). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (b)
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TABLE 4-25.—GROUND WATER TO SURFACE WATER MIGRATION COMPONENT SCORESHEET—Continued

Factor categories and factors

Environmental Threat Score:26. Environmental Threat Score (dines 20 x 23 x 251/63,500, subject to a maximum of 60) ......................................................
- Oround Water to Surface Water Migration Component Score (or a Watershed

26. Component Score (SJ ' (highest score from Une 27 for an watersheds evaluated, subject to a maximum of 100) .........

Maximumvalue

60

100
100

Value assigned

• Maximum value applies to waste characteristics category.* Maximum value not applicable.1 Do not round to nearest integer. .

4.2.2 Drinking water iAreot Evaluate the
drinking water threat for each watershedbased on three factor categories: likelihood of
release, waste characteristics, and targets.

4.2JU Drinking water threat-likelihood of
release. Evaluate the lOceUhopdof release ''.'.-factor category for each watershed in terms
of an observed release factor or a potential to
release factor. .

4.2.2.1.1 Observed release. Establish an
observed releaae to tfie uppermost aquifer asspecified in section 3.1.1. If an observed
release can be established for the uppermost
aquifer, assign an observed release factor
value of 550 to that watershed, enter this
value in Table 4-25, and proceed to section
4.2.2.1.3. If no observed release can be
established, assign an observed release
factor value of 0, enter this value hi Table
4-25. and proceed to section 4.2.2.1.2.

4.2.2.1.2 Potential to release. Evaluatepotential to release only if an observed
release cannot be established for the
uppermost aquifer. Calculate a potential to
release value for the uppermost aquifer as
specified in section 3.1*2 and sections 3.1.2.1
through 3.1.2.5. Assign the potential to releasevalue for the uppermost aquifer as the
potential to release factor value for the
watershed Enter this value in Table 4-25.4.2.2.1.3 • Calculation df drinking water •
threatrlikelihood of releaae factor category
value. If an observed release is established• for the uppermost aquifer, assign the -
observed release factor value of 550 as the
likelihood of release factor category value for
the watershed. Otherwise, assign the .

potential to release factor value as the
likelihood of release factor category value for
the watershed. Enter the value assigned in
Table 4-25.

4.222 Drinking water threat-wastecharacteristic*. -Evaluate the'waste '
characteristics factor category for each
watershed based on two factors: toxicity/
mobility/persistence and hazardous waste
quantity. Evaluate only those hazardous
substances- available to migrate from the
sources at the site to the uppermost aquifer(see section 3.2). Such hazardous substances
include:
• Hazardous substances that meet the

criteria for an observed release to ground
water.
• All hazardous substances associated

with a source that has a ground watercontainment factor value greater than 0 (see
sections 2.2.2,2.2.3. and 3.1.2.1).

4.2.2.2.1 Toxicity/mobility/persistence.
For each hazardous substance, assign a
toxicity factor value, a mobility factor value,
a persistence factor value, and a combined
toxicity/mobility/persistence factor value as
specified in sections 4.2.2.2.1.1 through
4.&&2.1.4.4.2^.2.1.1 Toxicity. Assign a toxicity
factor value to each hazardous substance asspecified in section 2.4.1.1. -

4.2.2.2.1.2 Mobility, Assign a ground
water mobility factor value to each
hazardous substance as specified in section
3.2.1.2.

4.2.2.2.1.3 Persistence. Assign a surface
water persistence factor value to each

hazardous substance as specified in section
4.1.2.2.1.2.
. 4.2JL2.1.4 Calculation of taxicity/
mobility/persistence factor value.. First,assign each hazardous substance a toxicity/moblHty.4actor value from Table 3-0 (section
3.2.1.3), based on the values assigned to thehazardous substance for the toxicity and
mobility factors. Then assign each hazardoussubstance a toxicity/mobility/persistence
factor value from Table 4-26, based on thevalues assigned for the toxicity/mobility and
persistence factors. Use the substance with
the highest toxicity/mobility/ persistence
factor value for the watershed to assign the
value to this factor. Enter this value in Table
4-25.

4.2.2J2.2 Hazardous waste quantity.
Assign the same factor value for hazardouswaste quantity for the watershed as would be
assigned for the uppermost aquifer in section
3.2.2. Enter this value in Table 4-25.

4.2.2.2.3 Calculation of drinking water
threat-waste characteristics factor category
value. Multiply the toxicity/mobility/
persistence and hazardous waste quantity
factor values for the watershed, subject to amaximum product of 1X10'. Based on this
product assign a value from Table 2-7(section 2.4.3.1) to the drinking water threat-
waste characteristics factor category for the
watershed. Enter this value in Table 4-25.

4.2.2.3 Drinking water threat-targets.
Evaluate the targets factor category for each
watershed based on three factors: naarest
intake, population, and resources.
BILLING CODE SMO-GO-M
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Toxi city /Mobilityractor Valup

10.000

2 , 0 0 0

1 ,000 ;

200
_ !

100
20
10

2

1

0.2
0 . 1
0 .02

0 .0 1

0.002
0.001

2 x 10"*
1 x 10-*

2 x 10'5

2 x 10'6

2 x 10'7

2 x 10 '8

2 x ID'9

0

TABLE * -26
TOXIC1T-Y/M06ILITY/PERSISTENCE FACTOR VALUES*

Persistence Factor Value
1 .0 0 .4 0 .07 0.0007

10,000 4,000 700 7
2 ,000 800 140 1 .4
1,000 400 70 0.7

200 80 IU 0. 14

: " . ' IOC . ' : , , , • ; . . ' . - . . .40'- , - . . ' - • — " ' . : . , ' , . ? • ' - . - - • • • • - - O . Q 1 . . -
20 6 1 .4 O .OK
10 4 0.7 0 .007

2 0.8 O. l i * 0 .00 1Z .

1 0.6 0 .07 7 x 10'*

0.2 0 .08 0.014 1.4 x 10'4

0. 1 0 . 0 4 0 . 0 0 7 7 x 10" 5

0 . 0 2 0 .008 0 .00 14 1 .4 x 10'5

0 . 0 1 0 .004 7 x KTA 7 x 10'6

0.002 8 x 10'4 1.4 x 10'4 1.4 x 10'6

0.001 4 x KT4 7 x 10'5 7 x 10'7

2 x 10'4 8 x 10'5 1.4 x 10"5 1.4 x 10'7

1 x 10'4 4 x 10"5 7 x 10'6 7 x 10'6

2 x 10'5 8 x 10"6 1.4 x 10'6 1.4 x 10"8

2 x 10'6 8 x 10'7 1.4 x 10'7 1.4 x 10 ' 9

2 x ID'7 8 x 10'8 1.4 x 10'8 1.4 x l(T l0

2 x 10'8 8 x 10'9 1.4 x 10'9 1.4 x 10 l l

2 x 1(T9 8 x 10' 10 1.4 x 10' 10 1.4 x 10 ' 1 2

0 0 0 0
aDo not round to nearest integer.

2 1 4
BILUNG CODE 65CO-5O-C
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, -For the nearest intake and population
factors, determine whether the target surface
water intakes are subject to actual or
potential contamination as specified in
section 4.1.1.2. subject to the restrictions
specified in sections 4.2.1.3 and 4.2.1.4.

When the intake is subject to actual
contamination evaluate it using Level I
concentrations or Level II concentrations.
Determine which level applies for the intake
by comparing the exposure concentrations
from a sample (or comparable samples) to
health-based benchmarks as specified insection 4.1.2.3, exrent use only those samples
from the surface water in-water segment and
only those hazardous substances in such
samples that meet the conditions in sections

4.2JL3.1 Nearest intake. Assign a value tothe nearest intake factor «i specified in
section 4.1.&3.1 with the following -
modification. For the intake being evaluated,

multiply its dilution weight from Table 4-13
(section 4.1.2.3.1) by a value selected from
Table 4-27. Use the resulting product, not the
value from Table 4-13, as the dilution weight
for the intake for the ground water to surface
water component. Do not round this product
to the nearest integer.
Select the value from Table 4-27 based on

the angle 0, the angle defined by the sources
at the site and either the two points at the
intersection of the surface water body and
the 1-mile distance ring of any two other
points of the surface water body within the 1-
mile distance ring, whichever results in the
largest angle. (See Figure 4-3 for an exampleof how to determine 6.) If the surface water
body does not extend to the 1-mile ring at one
v.Wh.wda,,4î  nit Q.iuun%tbe. surface,water endpoint(s) within the 1-mile ring or
any two other points of the surface waterbody within the 1-mile distance ring,
which?-- T results in the largest angle.

TABLE 4-27.—DILUTION WEIGHT
ADJUSTMENTS

Angle 6 (degrees)

o............................................................................
Greater than 18 to 54...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Greater than 54 to 90...._.................................
Greater than 90 to 126......................................Greater than 186 to 162...................................
Greater than 162 to 196.._...._...— ...................Greater than 198 to 234...................................Greater than 234 to 270
Greater than 270 to 306...................................Greater than 306 to 342...................................Greater than 342 to 360

As-signedvalue •

0
005
0.1
0.2
0.3
0.4
0.5
0.6
0.7n R
0.9

1 '°
• Do not round to nearest integer.

BILLING CODE SSSO-SO-M
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1 Mito Ring

FIGURE 4-3
SAMPLE DETERMINATION OF GROUND WATER

TO SURFACE WATER ANGLE

2 17
BILLING COOC IMO-SO-C
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TABLE 4-28

TOXICITY/MOBILITY/PERSISTENCE/BIOACCUMULATION FACTOR VALUES8

Toxic ity/
Mobility/
Persistence
Factor Value

10,000

4,000

2 ,000
1,000

800

700

400

200

140

100

80

Bioaccumulation Potential Factor Value

50 ,000

5

2

1

5

4

3 . 5

2

1

7

5

4

70 | 3 .5

40 | 2

Ifc , ',
14 7

10 5

B 4

7 3 .5

4 2

2 1

1.4 7

x

X

X

X

X

x
X

X

X

X

X

X

X

-x
X

X

X

X

X

X

X

108

108

108

107

107

107

107

107

106

106

106

106

106

V*

105

105

105

105

ID*

105

104

5 .000

5

2

1

5

4

3 . 5

2

1

7

5

4

3 . 5

2

!L

7

5

4

3 . 5

2

1

x 107

x 107

x 107

x 106

x 106

x 106

x 106

x 106

x 105

x 105

x 105

x 105

x 105

*VS

x 104

x 104

x 104

x 104

x 104

x 104

7 ,000

500

5 x 106

2 x 106

1 x 106

5 x 105

4 x 105

3.5 x 105

2 x 105

1 x 105

7 x 104

5 x 104

4 x 104

3.5 x 104

2 x 104

\ ̂  Vi**

7 ,000

5,000
4,000
3 ,500
2 ,000

1 ,000

700

50

5 x 105

2 x 105

1 x 105

5 x 104

4 x 104

3.5 x 104

2 x 104

1 x 104

7.000

5 ,000

4 ,000

3 ,500

2,000

i./m
700

500
400

350

200

100

70

5

5 x 104

2 x 104

1 x 104

5,000
4.000
3 ,500

2.000

1,000

700

500

400

~ 350

200

ma
70

50
40
35
20
10

7

0 . 5

5,000
2.000
1,000

500

400

350

200

100

70

50

40

35

20

LQ
7

5
4

3 . 5

2
1
0 . 7
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TABLE 4-2'« (Continued)

Toxicicy/
Mobility/
Persistence
Factor Value

1 . 0
0 . 8
0 . 7
0 . 4

Bioaccumulation Potential Factor Value
50,000

5 x 104

4 x 104

3.5 x 104

2 x 104

0.2 1 x 104

0 . 1 4 7 , 0 0 0

0 . 1 5 , 0 0 0

0 . 0 8 4 , 0 0 0

0 . 0 7 3 , 5 0 01
0 . 0 4

0 . 0 2
0 . 0 1 4

0 .0 1

0 .008
0 .007

? , 0 0 0

1 , 0 0 0

700

500
400
350

0 . 0 0 4 200
1 ' . '

0 .002 100
0 .0014

0 .001

8 x 10'4

7 x lO'4

4 x 10'4

70

50
40

35

20

5 .000

5 .000

4 ,000
3 , 500
2.000
1 ,000

700
500
400

350

• 200
100

70

50
40
35

20
10 -

7

5
4

3 . 5
2

500

500
400
350
200
100

70
50
40
35

20
10

7

5
4

3 . 5

2'

1

0 . 7

0 . 5
0 .4

0 . 3 5

0 . 2

50

50
40
35

20
10

7
5

4

3.5
2
1
0 . 7

6 . 5
0 . 4
0 . 3 5

0 . 2
0 . 1

0 .07

0 .05
0 .04

0 . 0 3 5

0 .02

5

5
4

3 . 5
2
1 -

0 . 7 .

0 . 5
0 . 4

0 . 3 5

0.2.
0 . 1

: o . 0 7
: o . 0 5

0 .04

0 . 0 3 5

0 .02
0.01

0 .007
0 .005
0 .004

0 . 0 0 3 5
0.002

0 . 5

0 . 5

0.4
C . 3 5

0 . 2
0 . 1
0 . 0 7

0 . 0 5

0.0. ' .

0 . 0 3 5

0 . 0 2

0 . 0 1

0 . 0 0 7

0 . 0 0 5
0 . 0 0 4

0 . 0 0 3 5

0 . 0 0 2
o .001

7 x 10"4

5 x 10'4

4 x 10~4

3 .5 x 10 '4

2 x 10"4 •
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TABLE 4-28 (Continued)

Toxicity/
Mobility/
Persistence
Factor Value

2 x
1 .4 x

1 x
8 x
7 x

4 x

2 x

1 .4 x

8 x

7 x

2 x

1 .4 x

8 x

7 x

2 x

1 .4 x

8 x
/ x
2 x

1 . 4 x

10-
10-
10-
10-
10-
10-
10-

10'
10-
10'
10-
10-
10'
10"
10-
10-

4
4

4

5

5

5

Bioaccumulation Potential Factor

50,000 5 ,000

10 1

. 7 0 . 7

5 0 .5

4 0.4

3 . 5 0 . 3 5

2 0.2
5 I 0 . 1 .1
5 0 .7 0 . 0 7
6 0.4 0 , 04
6 | 0 . 3 5 0 . 0 3 5
6 0 . 1 0 . 0 1
6
7

7

7

0 . 0 7 0 . 0 0 7

0 . 04 0 . 004

0 . 0 3 5 0 . 0 0 3 5

0 . 0 1 0 . 0 0 1
7 j 0 . 0 0 7 7 x 10'4

10'8 0 . 0 0 4 4 x 10'4

10'8 0 . 0 0 3 5 3 .5 x 10'4

KT8 0 .001 1 x 10'4

10' 8 | 7 x 10'4 7 x 10'5

500

0 . 1

0 . 0 7

0 . 0 5

0 .04

0 . 0 3 5
0 . 0 2

0 . 0 1

0 . 0 0 7

0 . 0 0 4

0 . 0 0 3 5
0 .00 1

7 x 10'4

4 x 10'4

3.5 x 10'4

1 x 10'4

7 x 1C'5

4 x 10'5

3.5 x 10'5

1 x 10'5

7 x 10'6

50

0 .0 1
0 . 0 0 7
0 .005
0 .004
0 . 0 0 3 5
0 . 0 0 2

0 .00 1

7 x ID"4

4 x ID'4

3.5 x ID'4

1 x 10 '4

7 x 10'5

4 x 10'5

3.5 x 10'5

1 x 10'5

7 x 10'6

4 x 10"6

3.5 x 10'6

1 x lO'6

7 x 10'7

7

5

4

3 . 5
2
1

7

4

3 . 5
1
7

3 . 5
1

7
4

3 . 5
1
7

Value

5

0 .00 1

x 10

x 10
x 10
x 10
x 10
x 10

x 10

-4

-4

-4

-4

-4

-4

-5

x ID'5

x 10
x 10
x 10
x 10

x 10
x 10

x 10
x 10
x 10
x 10
x 10

-5

-5

-6

-6

-6

-6

-7

-7

-7

-7

-8

0

1 x

7 x

5 x

4 x

3 . 5 x

2 x

1 x

7 x

4 x

3 . 5 x

1 x

7 x

4 x

3 .5 x

1 x

7 x
4 x

3 .5 x

1 x

7 x

5

io-4

10-
10-
10"

10-
10'

10-
10"

10'

10-
10-
10"
10-
10-
10'

10-
10-
10"

5

5

5
5

5

5

6

6

6

6

7

7

7

7

8 .
8

8

1Q-8

10" 9
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TABLE 4 - 2 8 (Concluded)

Toxic ity/
Mobi l i ty/
Pers i s tence
Factor Value

8 x 1CT9

2 x 1CT9

1 .4 x 10'9

8 x ID' 10

1 4 x 10' 1 0

Bioaccumulation Potential Factor Value
—————————————————————————————————————————————————————————

50,000 5 ,000 500——————————————
4 x 10'4 4 x 10 ' 5 4 X 10'6

1 x 10'4 1 x 10 ' 5 1 x 10"6

7 x 10 ' 5 7 x 10 ' 6 7 x 10'7

4 x 10'5 4 x 10 '6 4 x 10'7

7 x 1CT6 7 x 10 '7 7 x 10"8

1 4 x ICT 1 1 7 x 1 (T7 7 x 10 '8 7 x 10'9

1 .4 x 1 C - 1 2 7 x 1 0 ' 8 7 v icr9 7 x 10' 1 0

0 ! 0 (i 0

50 5 0.5

4 x 10"7 4 x 10'8 4 x 10 ' 9

1 x 10'7 1 x 10'8 1 x 10 ' 9

7 x 10'8 7 x 10"9 7 x 10' 1 0

4 x 10"8 4 x 10"9 4 x 10 - 1 °

7 x 10'9 7 x ID' 1 0 4 x 10 - 1 1

7 x 10' 1 0 7 x 10' 1 1 7 x 10 ' 1 2

7 x 10' 1 1 7 x 1CT 1 2 7 x 10 ' 1 3

0 0 0

aDo not round to n e a r e s t i n t < r< :
BILLING CODE 654O-50-C
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4.2.2.3.2 Population. Evaluate thepopulation factor for the watershed based onthree factors: Level I concentrations. Level IIconcentrations, and potential contamination.Determine which factor applies to an intakeas specified in section 4.2.23. Determine thepopulation to be counted for that intake asspecified in section 4.1.2.3.2, using the targetdistance limits in section 4.2.1.4 and thehazardous substance migration path in

section 4.2.1.2.4.2.2.3.2,1 Level I concentrations. Assign a
value to this factor as specified in section
4.1.23.2.2.

4.2.2.&Z2 Level II concentrations. Assigna value to this factor as specified in section41.2.3.2.3.4 ?, 2,3 2.3 Potential contamination Foreach applicable type of surface water body inTable 4-14, determine the dilution-weightedpopulation value as specified In section4.1.2.3^.4. Select the appropriate dilutionweight adjustment value from Table 4-27 asspecified in section 4.Z23.1.Calculate the value for the potentialcontamination factor (PC) for the watershed
as follows:

A nPC=— I W,10 i=l

where:
A=Dilution weight adjustment value from

Table 4-27.
VY,=Dilution-weighted population from Table4-14 for surface water body type i.r = Number of different surface water bodytypes in the watershed.

IF PC is less than 1, do not round it to thenearest integer, if PC is 1 or more, round tothe nearest integer. Enter the value in Table4-25.
4.2.2.3.2.4 Calculation of population factorvalue. Sum the factor values for Level Iconcentrations, Level II concentrations, andpotential contamination. Do not round this

sum to the nearest integer. Assign this sum as
the population factor value for the watershed.
Enter this value hi Table 4-25.4.7.7 3.3 Resource*. Assign a value to theresources factor as specified in section
4.1.2.33.4JL23.4 Calculation of drinking waterthreat-target* factor category value. Sum thenearest intake, population, and resourcesfactor values for the watershed. Do not roundthis sum to the nearest integer. Assign thissum as the drinking water threat-targetsfactor category value for the watershed. Enterthis value in Table 4-25.

4.23.4 Calculation of drinking waterthreat score for a watershed. Multiply thedrinking water threat factor category valuesfor likelihood of release, wastecharacteristics, and targets for the watershed,and round the product to the nearest integer.Then divide by 82,300. Assign the resultingvalue, subject to a maximum of 100, as thedrinking water threat score for thewatershed. Enter this score in Table 4-25.
4.23 Human food chain threat Evaluatethe human food chain threat for a watershedbased on three factor categories: likelihood of

release, waste characteristics, and targets.4.2.3.1 Human food chain threat-
likelihood of release. Assign the same
likelihood of release factor category value forthe human food chain threat for thewatershed aa would be assigned in section
4.2.2.1.3 for the drinking water threat Enterthis value in Table 4-25.4.2.3.2 Human food chain threat-waste
characteristics. Evaluate the wastecharacteristics factor category for eachwatershed based on two factors: toxicity/
mobility/peraistence/bioaccumulation andhazardous waste quantity.433.2.1 Toxicity/mobility/persistence/bioaccumulation. Evaluate all thosehazardous substances eligible to beevaluated for toxidty/mobility/persistence in
the drinking water threat for the watershed(see section 4.2.2.2.1).

4.23.2.1.1 Toxicity. Assign a toxicity
factor value to each hazardous substance asspecified in section 2,4.1.1.

4.2.3.2.1.2 Mobility. Assign a ground
water mobility factor value to each
hazardous substance as specified for the
drinking water threat (see section 4.2.2.2,1.2)

4.2.3.2.1.3 Persistence. Assign a surface
water persistence factor value to eachhazardous substance as specified for the
drinking water threat (see section 4.2.2.2.1.3).except: use the predominant water category(that is, lakes; or riven, oceans, coastal tidalwaters, or Great Lakes) between the probable
point of entry and the nearest fishery (not thenearest drinking water or resources intake)
along the hazardous substance migrationpath for the watershed to determine which
portion of Table 4-10 to use. Determine thepredominant water category based ondistance as specified In section 4.1.2.2.1.2.

4.23.2.1.4 Bioaccumulation potential.
Assign a bioaccumulation potential factor
value to each hazardous substance as
specified in section 4.13.2.13.

4.23.2.1.5 Calculation of toxicity/
mobility/persistence/ bioaccumulation
factor value. Assign each hazardous
substance a toxicity/mobilily factor value
from Table 3-9 (section 3.2.1.3). based on the
values assigned to the hazardous substance
for the toxicity and mobility factors. Then
assign each hazardous substance a toxicity/
mobility/persistence factor value from Table
4-26, based on the values assigned for the
toxicity/mobility and persistence factors.
Then assign each hazardous substance a
toxicity/mobility/persistence/
bioaccumulation factor value from Table
4-26. Use the substance with the highest
toxicity/mobility/persistence/
bioaccumulation factor value for the
watershed to assign the value to this factor
for the watershed. Enter this-value in Table
4-25.
BILLING CODE SSftfr-50-M
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4.2.3.2.2 Hazardous waste quantity.

Anlgn (he time factor value for hazardoui
watte quantity for the watershed at would be
auigned In lection 4.2.2.2.2 for the drinking
water threat. Enter thli value in Table 4-25.

4.2.3.2.3 Calculation of human food chain
threat-waste characteristics factor category
value. For the hazardou* substance selected
for the watershed In section 4.2.3.2.1.5. use Its
toxlclly/moblllly/ persistence factor value
and bloaccumulallon potential factor value
as follows to assign a value to the waste
characteristics factor category. First, multiply
the toxlcily/moblllty/persistence factor value
and the hazardous waste quantity factorvalue for the watershed, subject to a
maximum product of 1 x 10*. Then multiply
this product by the bioaccumulation potentialfactor value for this hazardoui substance,
subject to a maximum product of 1 x 10".
Based on this second product, assign a value
from Table 2-7 (section 2.4.3.1) to the humanfood chain threat-waste characteristics factor
category for the watershed. Enter this value
in Table 4-25.

4.2.3.3 Human food chain threat-targets.
Evaluate two target factors for the watershed:
food chain individual and population.

For both factors, determine whether the
target fisheries are subject to Level I
concentrations. Level II concentrations, or
potential human food chain contamination.
Determine which applies to each fishery (or
portion of a fishery) as specified in section
4.1.3.3. subject to the restrictions specified in
sections 4.2.1.3 and 4.2.1.4.

4.2.3.3.1 Food chain individual. Assign a
value to the food chain individual factor as
•rjiyjfirjt'n.wJJiuiiVir.Ori w'ifn (he
following modification. When a dilution
weight is used, multiply the appropriate
dilution weight from Table 4-13 by the
adjustment value selected from Table 4-27.
a» specified in section 4.2.2.3.1. Use the
resulting product, not the value from Table
4-13. as the dilution weight in assigning the
factor value. Do not round this product to the
nearest integer. Enter the value assigned in
Table 4-25.

4.2.3.3.2 Population. Evaluate the
population factor for the watershed based on
three factors: Level I concentrations. Level II
concentrations, and potential human food
chain contamination. Determine which of
these factors is to be applied to each fishery
as specified in lection 4.2.3.3.

4.2.3.3.2.1 Level I concentrations. Assign a
value to this factor as specified in section
4 1.3.3.2.1. Enter this value in Table 4-25.

4.2.3.3.2.2 Level II concentration*. Assign
a value to this factor as specified In section
4.1.3.3.2.2. Enter this value in Table 4-25.

4.2.3.3.2.3 Potential human food chain
contamination. Assign • value to this factor
as specified In section 4.1.3.3.2.3 with the
following modification. For each fishery being
evaluated, multiply the appropriate dilution
weight for that fishery from Table 4-13 by the
adjustment value selected from Table 4-27.as specified in section 4.2.2.3.1. Use theresulting product, not the value from Table
4-13. as the dilution weight for the fishery. Do
not round this product to the nearest integer.
Enter the value assigned In Table 4-25.

4.2.3.3.2.4 Calculation of population factor
value. Sum the factor values for Level Iconcentrations. Level II concentrations, and
potential human food chain contaminationfor the watershed. Do not round (his sum to
the nearest integer. Assign this sum as the
population factor value for the watershed.Enter this value in Table 4-25.

4.2.3.3.3 Calculation of human food chain
threat-targets factor category value. Sum thefood chain individual and population factor
values for the watershed. Do not round this
sum to the nearest integer. Assign this sum as
the human food chain threat-targets factor
category value for the watershed. Enter this
value in Table 4-25.

4.2.3.4 Calculation of human food chain
threat score for a watershed. Multiply the
human food chain threat factor category
values for likelihood of release, waste
characteristics, and targets for the watershed,
and round the product to the nearest integer.
Then divide by 82.500. Assign the resulting
•tiJ/ut.-»ihJ/vi.Yio a maximum of 100, as the
human food chain threat suore for thewatershed. Enter this score in Table 4-25.

4.2.4 Environmental threat. Evaluate the
environmental threat for the watershed based
on three factor categories: likelihood of
release, waste characteristics, and targets.

4.2.4.1 Environmental threat-likelihood of
release. Assign the same likelihood of release
factor category value for the environmental
threat for the watershed as would be
assigned In section 4.2.2.1.3 for the drinking
water threat. Enter this value in Table 4-25.

4.2.4.2 Environmental threat-waste
characteristics. Evaluate the wasle
characteristics factor category for each
watershed based on two factors: ecosystem
loxicily/mobility/persistence/
bioaccumulation and hazardous waste
quantity.

4.2.4.2.1 Ecosystem toxicity/mobility/
persistence /bioaccumulation. Evaluate all

those hazardous substances eligible to be
evaluated for loxlcity/mobllily/perslslence In
the drinking water threat for the watershed
(see section 4.2.2.2.1).

4.2.4.2.1.1 Ecosystem toxicity. Assign an
ecosystem (oxicity factor value to each
hazardous substance as specified in section
4.1.4.2.1.1.

4.2.4.2.1.2 Mobility. Assign a ground
water mobility factor value to each
hazardous substance as specified in section
4.2.2.2.1.2 for the drinking water threat.

4.2.4.2.1.3 Persistence. Assign a surface
water persistence factor value to each
hazardous substance as specified in section
4.2.2.2.1.3 for the drinking water threat,
except: use the predominant water category
(that is. lakes; or rivers, oceans, coastal tidal
waters, or Great Lakes) between the probable
point of entry and the nearest, sensitive
environment (not the nearest drinking water
or resources Intake) along the hazardous
substance migration path for the watershed
to determine which portion of Table 4-10 to
use. Determine the predominant water
category based on distance as specified in
section 4. 1 .2 .2. 1 .2 .

4.2.4.2.1.4 Ecosystem bioaccumu/otion
potential. Assign an ecosystem
bioaccumulation potential factor value to
each hazardous substance as specified in
section 4. 1 .4.2. 1 .3 .

4.2.4.2.1 .5 Calculation of ecosystem
toxicity/mobility/persistence/
bioaccumulation factor value. Assign each
hazardous substance an ecosvstem tnxirjj.»j',
mobility factor value from Table 3-9 (section
3.2.1.3). based on the values assigned to the
hazardous substance for the ecosystem
loxicily and mobility factors. Then assign
each hazardous substance an ecosystem
toxicity/mobility/persistence factor value
from Table 4-29. based on the values
assigned for the ecosystem toxlclty/mobilily
and persistence factors. Then assign each
hazardous substance an ecosystem toxicity/
mobility/perslstence/bioaccumulation factor
value from Table 4-30. based on the values
assigned for the ecosystem toxlclly/mobility/
persistence and ecosystem bioaccumulation
potential factors. Select the substance with
the highest ecosystem toxicity/mobility/
persistence/bioaccumulution factor value for
the watershed and use it to assign the value
to this factor for the watershed. Enter this
value in Table 4-25.
•IUJNQ COOt SMO-SO-M
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TABLE 4-29

ECOSYSTEM TOXICITY/MOBILITY/PERSISTENCE FACTOR VALUES4

Ecosystem
Toxic ity /Mobil ity
Factor Value
10 ,000

2 ,000

1 .000
- 200

100
20

10

Persistence Factor Value
———————————————————————————————————————————————————
| 1 .0 0 .4 0 . 0 7

10 ,000 4,000 700
2 .000 800 140

1 ,000 400 70
200 80 14

100 40 7
20 8 1 .4

10 ' 4 0.7
2 I 0.8 0 . 1 4

1 1 0.4 0 . 0 7
0 . 2 0 . 2 0 . 0 8 0 .0 14

0 . 1 i 0 . 1 0 .04 0 . 0 0 7

0 . 0 2 0 . 0 2 0 . 0 0 8 0 .00 14

0 .0 1 0 .0 1 0.004 7 x 10'*

0 .002 0 . 0 0 2 8 x 10'4 1 . 4 X 1 0 ' 4

0 . 0 0 1 0 .00 1 4 x 10'A 7 x 10'5

2 x ID'4 ! 2 x 1 0 - * 8 x 10'5 1.4 x 10'5

1 x ID'4

2 x lO'5

2 x 10 '6

2 x 10'7

2 x 10'8

2 x ID'9

0

1 x 10~4 4 x 10'5 7 x 10'6

2 x 10'5 8 x 10'6 1.4 x 10'6

2 x 10'6 8 x 10"7 1.4 x 10'7

2 x 10'7 8 x 10"8 1.4 x 10'8

2 x 10'8 8 x 10'9 1.4 x 10'9

2 x 10'9 8 x 10' 10 1.4 x 10' 10

0 0 0

0 . 0 0 0 7
7
1 . 4

0 . 7

0 . 14

0 . 0 7

0 . 0 1 4

0 . 0 0 7

O . O O K

7 x 1 0
1 .4 x 10'A

7 x 10 ' 5

1 .4 X ID' 5

7 x 10'6

1 .4 x ID' *

7 x 10'7

1 .4 x 1C '7

7 x 10 '8

1 .4 x 10'8

1 .4 x 10 ' 9

1 .4 x 10" 1 0

1 .4 x 10' 1 1

1 .4 x 10' 1 2

0

*Do not round to nearest inceger.
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TABLE -4 -30

ECOSYSTEM TOXIC1TY/MOBILITY/PERSISTENCE/BIOACCUMULAT10N FACTOR VALUES8

Ecosystem
Toxic ity/
Mobility/
Persistence
Factor Value

10 , 000

'^/m
2 .000

1 ,000

800

700

400

200

140
100

80

70

4"

20
14
10

8
7

4

2
1 .4

Ecosystem Bioaccumulation Potential Factor

50.000

5 x 108

Tt'-x 'VtP-

1 x 108

5 x 107

4 x 107

3.5 x 10 7

2 x 107

1 x 107

7 x 106

5 x IQ6

4 x 106

3.5 x 106

2 x 106

1 TC 106

7 x 105

5 x 105

4 x 105

. 3 . 5 x 105

2 x 105

1 x 105

7 x 104

5 ,000 500

5 x 107 5 x 106

"i x 'it;7- 1 x 'i&
1 x 107 1 x 106

5 x 106 5 x 105

4 x 106 4 x 105

3.5 x 106 3 .5 x 105

2 x 106 2 x 105

1 x 106 1 x 105

7 x 105 7 x 104

5 x 105 5 x 104

4 x 105 4 x 104

3.5 x 105 , 3.5 x 104

2 x 105 2 x 104

1 x 105 1 x 104

7 x 104 7 . 0 0 0

5 x 104 5 . 0 0 0

4 x 104 4 ,000

3.5 x 104 3 ,500
2 x 104 2 ,000
1 x 104 1 ,000

7 , 0 0 0 700

50

5 x 105

"i X It)*

1 x 105

5 x 104

4 x 104

3.5 x 104

2 x 104

1 x 104

7 , 000
5 ,000

4 . 0 0 0

3 . 5 0 0
2 ,000
1 ,000

700
500

400

350
200
100

70

Value

5

5 x 104 5,

-i x It/4' -i

1 x 104 1
5 .000

4 .000

3 , 500

2 , 0 0 0

1 ,000
700
500

400

350

200

100
70
50
40
35
20
10

7

0 . 5

000

DW

000

500
400

350

200

100

70
50

40

35

20

10

7

5

4

3 . 5
2
1
0 . 7
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TABLE 4 - 3 0 (Continued)

Ecosystem
Toxic ity/
Mobility/
Persistence
Factor Value

1
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

8

7

4

0
8

7

U

f\

14

1

Esosystem Bioaccumulation Potential. Factor Value

50 ,000

5 x 104

4 x 10A

3.5 x 104

2 x 104

1 x 104

7 , 0 0 0

5 , 0 0 0

08 4 , 0 0 0

07 I 3 , 5 0 0

. 0 4

. 0 2

2 , 0 0 0

1 , 0 0 0

. 0 1 4 7 0 0

. 0 1 500

008

. 0 0 7

.004

. 0 0 2

.00 14

. 0 0 1

x 10 - 4

x ID' *

400
1

3 5 0

200

100

70

50

40

3 5

x lo-4 20

5 , 0 0 0

5 , 0 0 0

4 , 0 0 0

3 , 5 0 0

2 , 0 0 0

1 , 0 0 0

700

500

400

350

L'OO

100

70

50

40

35

20

10

7

5

4

3 . 5

2

500

500
400
350

200

100
70

50

40

35

20

10

7

5

4

3 . 5

2

1

0 . 7

0 . 5
0 . 4

0 . 3 5

0 . 2

50

50
40
35
20
10

7

b
4

3 . 5

2

1

0 . 7

0 . 5

0 . 4

0 . 3 5

0 . 2

0 . 1

0 . 0 7

0 . 0 5

0 . 0 4

0 . 0 3 5

0 . 0 2

5

5
4

3 .
2
1
0 .

0

0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

5

7

5

4

35

2

1

07

05

04

0 3 5

02

.0 1

. 0 0 7

. 0 0 5

.004

. 0 0 3 5

.002

0

0

0

5

5
4

0 . 3 5
0

0
0

0

0
0

0

0

0

0

0

0

0

0

7

5

4

3 . 5

2

2

1

07

. 0 5

.04

. 0 3 5

. 0 2

. 0 1

. 0 0 7

. 0 0 5

. 004

. 0 0 3 5

. 0 0 2

.001

x 10'

x 10"

x 10'

x 1C'

x 10-

4

4

4

4

4
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TABLE 4-30 (Continued)

Ecosystem |
Toxic icy/ | Ecosystem Bioaccumulation Potential Factor Value
Mobility/ I ^ ̂
Persistence 1^ — —— ——————————————————————————————————————————————— - —— -
Factor Value 50 ,000 5 ,000 500

2 x 10'4 | 10 1 0.1
1 .4 x 10*4 | 7 0.7 0.07

1
1 x 10"4 | 5 0.5 0 . 0 5I
8 x 10'5 ' 4 O. *f 0.04

7 x 10 ' 5 I 3 .5 0 .35 O . C 3 5I
4 x ID'5 ! 2 02 0 02

1
2 x 10'5 i 1 0.1 0 .01

1
1 .4 x IO" 5 I 0 . 7 0 . 0 7 0 . 0 0 7i

8 x 1C'6 ! 0.4 0 .04 0.004

7 :•: 10' 6 Li. 35 0.035 0 .0035

2 x 10'6 0 . 1 0 . 0 1 0 . 0 0 1

1.4 x 10"6 1 0 . 0 7 0 .007 7 x 10*4

8 x lO'""' 1 O . O M O . O O q 4 x 10 '4

7 x 10'7 ! ( i 035 0 . 0 0 3 5 3 .5 x 10'4

2 x 10- 7 , 0 . 0 1 0.001 1 x 10"4

1
1 .4 x 10 '7 ! 0 . 0 0 7 7 :• • If4 7 x IO" 5

|
8 x 10'8 | 0 .004 4 x 10'4 4 x 10'5i
7 x 10'8 1 0 . 0 0 3 5 3.5 x 10'4 3.5 x 10'5

2 x 10'8 I 0 . 0 0 1 1 >: 10 ' 4 1 x 10 ' 5
|

1.4 x 10'8 | 7 x 10'4 7 x 10'5 7 x 10'6

50

0.01
0.007
0 . 0 0 5
0.004

0 .0035

0 . 0 0 2

0.001

7 x 10'4

4 x 1C'4

3.5 x ID'4

1 x 10'4

7 x 10'5

4 x 10 ' 5

3 .5 x 10"5

1 x 10'5

7 x 10"6

4 x 10'6

3.5 x 10'6

1 x 10'6

7 x 10'7

5

0.001
7 x 10'4

5 x 10"4

4 x 10"4

3 .5 x 10'4

2 x 10'4

1 x 10'4

7 x 10'5

4 x 10" 5

3.5 x 10' 5

1 x IO " 5

7 x 10'6

^ x 10 " 6

3 . 5 x 10 ' 6

1 x 10'6

7 x 10 '7

4 x 10 " 7

3.5 x 10'7

1 x 10 '7

7 x 10'8

0 . 5

1 x 10'4

7 x 10 ' 5

5 x 10" 5

4 x 10'5

3 .5 x 10 ' 5

2 x 10 " 5

1 x 10'5

7 x 10 ' 6

4 x 10'6

3 5 x 10 ' 6

1 x 10 ' 6

7 x 10'7

Zj x 1 0 ' 7

3. 5 x 10 '7

1 x If . '7

7 x l p -8

4 x ID '8

3 .5 x 10 ' 8

1 x 10 ' 8

7 x JO ' 9

234
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TABLE 4 - 3 0 (Concluded)

Ecosystem
Toxicity/
Mobility/
Persistence
Factor Value

Ecosystem Bioaccunulation Potential Factor Value

50,000 5 .000 500 50 0 . 5

8 x 10'9 | 4 x lO'4

2 -x 10'9 | 1 x 10'4

1 .4 x 10'9

1 .4 x lO' 10

1 .4 x 10' 1 1

1 .4 x 10' 1 2

0

7 x 10

7 x 10

'5

-6

7 x lO ' 7

7 x 1CT8

0

4 x 10"5 4 x 10*6 4 x 10'7 4 x 10"8 4 x 10'9

1.x 10'5 1 x 10'6 1 x 10"7 1 x 10'8 1 x 10 '9

7 x 10'6 7 x 10'7 7 x 10'8 7 x 10'9 7 x 10' 10

•ft x "itr*- 'ft x itj"7- ft x 'i"(r^ ft x itr^ ft x 'iir^
1 x 10 '7 7 x 10'8 7 x 10'9 7 x 10' 1 0 4 x 10- 1 1

7 x 10 '8 7 x 10'9 7 x 10* 1 0 7 x 10' 1 1 7 x 10 ' 1 2

7 x 10 '9 7 x 10' 1 0 7 x 10' 1 1 7 x 10 ' 1 2 7 x 10 ' 1 3

0 0 0 0 0

aDo not round to nearest integer .

BILLINO CODE SMO-50-C
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4.2.4.2.2 Hazardous waste quantity.

Assign the same factor value for hazardous
waste quantity for the watershed as would be
assigned in section 4.2.2.2.2 for the drinking
water threat. Enter this value in Table 4-25.

4.2.4.2.3 Calculation of environmental
threat-waste characteristics factor category
value. For the hazardous substance selected
for the watershed in section 4.2.4.2.1.5. use its
ecosystem toxicity/mobility/persistence
factor value and ecosystem bioaccumulallon
potential factor value as follows to assign a
value to the waste characteristics factor
category. First, multiply the ecosystem
toxicity /mobility/persistence factor value
and the hazardous waste quantity factor
value for the watershed, subject to a
maximum product of 1x10". Then multiply
(his product by the ecosystem
bioaccumulation potential factor value for
this hazardous substance, subject to a
maximum product of 1 xlO". Based on this
product, assign a value from Table 2-7
(section 2.4.3. 1 ) to the environmental threat-
waste characteristics category for the
watershed. Enter the value in Table 4-25.

4.2.4.3 Environmental threat-targets.
Evaluate the environmental threat-targets
factor category for a watershed using one
factor: sensitive environments,

4.2.4.3.1 Sensitive environments. Evaluate
sensitive environments for the watershed
based on three factors: Level 1
concentrations. Level II concentrations, and
potential contamination. Determine which
applies to each sensitive environment as
specified in section 4.1 .4.3.1 . except: use only
those samples from the surface water in-
water segment and only those hazardous
substances in such samples that meet the
conditions in sections 4.2.1.3 and 4.2.1 .4.

4.2.4.3. 1 . 1 Level I concentrations. Assign a
value to this factor as specified in section
4. 1 .4 .3 . 1 . 1 . Enter this value in Table 4-25.

4 .2 .4 .3 . 1 .2 Level II concentrations. Assign
a value to this factor as specified in section
4. 1 .4 .3 . 1 .2 . Enter this value in Table 4-25.

4.2.4.3. 1 .3 Potential contamination. Assign
a value to this factor as specified in section

4.1 .4.3. 1 .3 with the following modification.
Multiply the appropriate dilution weight from
Table 4-13 for the sensitive environments in
each type of surface water body by the
adjustment value (elected from Table 4-27.
as specified in section 4.2.2.3.1. Use the
resulting product, not the value from Table
, 13. as the dilution weight for the sensitive
environments in thai type of surface water
body. Do not round this product to the
nearest integer. Enter the value assigned In
Table 4-25.

4.2.4.3.1 .4 Calculation of environmental
threat-target* factor category value. Sum the
values for Level 1 concentrations. Level II
concentrations, and potential contamination
for the watershed. Do not round this sum to
the nearest integer. Assign this sum as the
environmental threat targets factor category
value for the watershed. Enter this value in
Table 4-25.

4.2.4.4 Calculation of environmental
threat score for a watershed. Multiply the
environmental threat factor category values
for likelihood of release, waste
characteristics, and targets for the watershed,
and round the product to the nearest integer.
Then divide by 82,500. Assign the resulting
value, subject to a maximum of BO. as the
environmental threat score for the watershed.
Enter this score in Table 4-25.

4.2.5 Calculation of ground water to
surface water migration component score for
a watershed. Sum the scores for the three
threats for the watershed (that is, drinking
water, human food chain, and environmental
threats). Assign the resulting score, subject to
a maximum value of 100. as the ground water
to surface water migration component score
for the watershed. Enter this score in Table
4-25.

4.2.6 Calculation of ground water to
surface water migration component score.
Select the highest ground water to surface
water migration component score from the
watersheds evaluated. Assign this score as
the ground water to surface water migration
component score for the site, subject to a

maximum score of 100. Enter this score in
Table 4-25.

4.3 Calculation of surface water
migration pathway score. Determine the
surface water migration pathway score as
follows:

• If only one of the two surface water
mlvratlon components (overland/flood or
ground water to surface water) Is scored,
assign the score of that component as the
surface water migration pathway (core.
• If both components are scored, select the

higher of the two component scores from
sections 4.1.B and 4.2.B. Assign that score as
the surface water migration pathway score.
5.0 Soil Exposure Pathway

Evaluate the soil exposure pathway based
on two threats: Resident population threat
and nearby population threat. Evaluate both
threats based on three factor categories:
Likelihood of exposure, waste characteristics,
and targets. Figure 5-1 indicates the factors
included within each factor category for each
type of threat.

Determine the soil exposure pathway score
(S.)in terms of the factor category values as
follows:

I (LE,)(WC,)[T,)
S, =

where:
LE,= Likelihood of exposure factor category

value for threat i (that is, resident
population threat or nearby population
threat).

Wd = Waste characteristics factor category
value for threat i.

T, = Targets factor category value for threat i.
SF=Scaling factor.

Table 5-1 outlines the specific calculation
procedure.
BILUNO CODE SMO-SO-M
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Likelihood of Exposure (LE) Waste characteristics (WC) Targets (T)

Resident
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Targets
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Toxicity
• Chronic
• Carcinogenic
• Acute
Hazardous Waste Quantity
• Hazardous Constituent
Quantity

• Hazardous Wastestreara
Quantity

• Volume
• Area

Resident Individual
Resident Population
• Level I Concentrations
• Level II Concentrations
Workers
Resources
Terrestrial Sensitive
Environments

II
in01
O

Likelihood of Exposure (LE) Waste Characteristics (WC) Targets (T)

o
00

Nearby
Population

Attractiveness/
Accessibility

Area of Contamination
Toxicity
• Chronic• Carcinogenic
• Acute
Hazardous Waste Quantity
• Hazardous Constituent

Quantity
. Hazardous Wastestream

Quantity
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• Area

Nearby Individual
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Figure 5-1
OVERVIEW OF SOIL EXPOSURE PATHWAY
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TABLE 5-1.—SOIL EXPOSURE PATHWAY SCORESHEET

Factor categories and (actors Maximumvalue Valueassigned
Resident Population ThreatLikelihood of Exposure

1. Likelihood ol Exposure ...................................................................................................~..............-.........~...................................~........ 550Wast* Characteristic*2. Toxicily................................................................................................._.......................................................„....-...................._.................. (a)
3. Ha2ardous Waste Quantity........................._......................_........._...._......................._.___........._._.__._................ (a)4 Waste Characteristics............_............,.........................................................................................................._........................................... 100Target*
5. Resident Individual.........................................................._........................................................................_............................................ 506 Resident Population:

6a. Level I Concentrations.......................................................................................................................__............................................. (b)
6b. Level II Concentrations.................................................................................................^ (b)6c. Resident Population (lines 6a -f 6b).................._.._..._.._.................................._....................._...._.._._..................... (b)7. Workers................................................................................__..............................................................__............................................ 158. Resources......._.........................__........._........_.......__..............._......._.......__________._............................ 59. Terrestrial Sensitive Environments................._........................._.............._........_......_______,_._...„.„..__.................. (c)10. Targets (lines 5 + 6C + 7 + 8 + 9) .._.„............................................................-............_..........„......_........._......-...._............... (b)Resident Population Threat Score

11. Resident Population Threat (lines 1 x 4 x 10). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (b)
Nearby Population Threat

Likelihood of Exposure
12. Attractiveness f Accessibility .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10013. Area of Contamination.................................................................................................................................................................................; 100
14. Likelihood of Exposure............................ .._........................................................................................................„........._........................... I 500Waste Characteristics ;
15. Toxicity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (a) : .
16. Hazardous Waste Quantity ...........................................................................................................................................................................'• (a) : ..17. Waste Characteristics ......... .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .! 100 'Targets '
18. Nearby Individual.......................................„..............._......................„......................................................................................................... 1 I _.19. Population Within 1 Mile.................................................................._.............................................................................................._............ (b) -- -20. Targets (lines 18 4- ID)......................................................................................................................................................................... (b)Nearby Population Threat Score |
21. Nearby Population Threat (lines 14 x 17 x 20).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .J (b) !Soil Exposure Pathway Score j j
22. Soil Exposure Pathway Score* (SJ. (lines [ 1 1 +21 ] / 82,500, subject to a maximum of 100)............................_...........................I 100 j ___

• Maximum value applies to waste characteristics category.• Maximum value not applicable.• No specific maximum value applies to facloi. However, pathway score based solely on terrestrial sensitive environments is limited to maximum ol 60' Do not round to nearest integer.

5.0.1 Genera] considerations. Evaluate the
soil exposure pathway based on areas of
observed contamination:

• Consider observed contamination to be
present at sampling locations where analytic
evidence indicates that:

-A hazardous substance attributable to
the site is present at a concentration
significantly above background levels
for the site (see Table 2-3 in section 2.3
for the criteria for determining
analytical significance), and

-This hazardous substance, if not present
at the surface, is covered by 2 feet or
less of cover material (for example,soil).

• Establish areas of observed
contamination based on sampling locations
at which there is observed contamination as
follows:

-For all sources except contaminated
soil, if observed contamination from
the site is present at any sampling
location within the source, consider
that entire source to be an area of
observed contamination.

-For contaminated soil, consider both the
sampling location(s) with observed
contamination from the site and the
area lying between such locations to
be an area of observed contamination.

unless available information indicates
otherwise.

» If an area of observed contamination (or
portion of such an area) is covered by a
permanent, or otherwise maintained,
essentially impenetrable material (for
example, asphalt) that is not more than 2 feet
thick, exclude that area (or portion of the
area) in evaluating the soil exposure
pathway.

• For an area of observed contamination,
consider only those hazardous substances
that meet the criteria for observed
contamination for that area to be associated
with that area in evaluating the soil exposure
pathway (see section 2.2.2).
If there is observed contamination, assign

scores for the resident population threat and
the nearby population threat, as specified in
sections 5.1 and 5.2. If there is no observed
contamination, assign the soil exposure
pathway a score of 0.

5.1 Resident Population Threat. Evaluate
the resident population threat only if there is
an area of observed contamination in one or
more of the following locations:

• Within the properly boundary of a
residence, school, or day care center and
within 200 feet of the respective residence,
school, or day care center, or

• Within a workplace property boundary
end within 200 feet of a workplace area, or

• Within the boundaries of a resource
specified in section 5.1.3.4, or

• Within the boundaries of a terrestrial
sensitive environment specified in section
5.1.3.5.

If not, assign the resident population threat
a value of 0, enter this value in Table 5-1, and
proceed to the nearby population thre.n1
(section 5.2).

5.1.1 Likelihood of exposure. Assign a
value of 550 to the likelihood of exposure
factor category for the resident population
threat if there is an area of observed
contamination in one or more locations listed
in section 5.1. Enter this value in Table 5-1.

5.1.2 Waste characteristics. Evaluate
waste characteristics based on two factors:
toxicity and hazardous waste quantity.
Evaluate only those hazardous substances
that meet the criteria for observed
contamination at the site (see section 5 .0 . 1 ) .

5.1.2.1 Toxicity. Assign a toxicity factor
value to each hazardous substance as
specified in section 2.4.1 .1 . Use the hazardous
substance with the highest loxicity factor
value to assign the value to the toxici ly far.inr
for the resident populat ion threat. Enter this
value in Table 5-1 .

5.1 .2.2 Hazariluus waste quantity. Assign
hazardous waste quantity factor value as

specified in section 2.4.2. In estimating the
hazardous waste quant ity, use Table 5-2 ami
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• Consider only the first 2 fuel of depth of

an area of observed conlHminallon, except an
specified for Ihe volume measure.

• Use the volume measure (see section
2.4.2 . 1 .3 ) only for those types of areas of
observed contaminat ion listed in Tier C of
Table 5-2. In evaluating the volume measure
for these listed areas of observed
contamination, use the full volume, not just
the volume within the top 2 feet.

• Use the area measure (see section
2.4 .2 . 1 .4 ) . not the volume measure, for (ill
other types of areas of observed
contamination even if their volume is known.

Enter the viilue assigned in Table 5-1.
TABLE 5-2.—HAZARDOUS WASTE QUAN-

TITY EVALUATION EQUATIONS FOR SOIL
EXPOSURE PATHWAY

Tier

A

B"

C"

D"

Measure
-t ————————————
• HazardousConstituentQuantity (C)
Hazardous
Wast»»tr»tm
Quantity (W)

Volumt (V)
Surface
Impoundment '

Drums °
Tanks and
Containers Other
Than Drums

Area (A)
LandfillSurface
Impoundment
Surface
Impoundment
(Buried/backfilled)
Land treatment
Pile'
Contaminated Soil

Units

Ib

ib

yd'
gallon
yd:l

It"
ft2

It'

It211 '
M2

Equation! lor, assigning' value •
C

VW5.000

V/2.5
V/500
V/2.5

A/34.000
A/13
A/ 13

A/270
A/34

A/ 34,000
• Do not round nearost integer."Convert volume to mass when necessary: 1ton = 2.000 pounds -- 1 cubic yard = 4 drums = 200gallons.
' Use volume measure only for surface impound-ments containing hazardous substances present asliquids. Use area measures in Tier D for dry surfaceimpoundments and for buried/backfilled surface im-poundments" II actual volume ol drums is unavailable, assume1 drum = 50 gallons
' Use land surface area under pile, not surfacearea ol pile
5 . 1 .2 .3 Calculation of waste

characteristics factor category value.
Multiply the toxic ity and hazardous waste
quant ity factor values, subject to H maximum
product of 1 x 10". Based o;i this product,
assign a value from Table 2-7 (section 2.4.3 . 1 |
to the waste characterist ics! factor category.
Enter this value in Table 5-1.

5.1 .3 Targets. Evaluate the targets factor
category for the resident population threat
based on five factors: resident individual,
resident population, workers, resources, and
terres tr ia l sens i t ive environments .

In evaluat ing the targets factor category for
the res ident populat ion th r ea t , count only Ihe
fol lowing as t ; i rgr > t s :

• Resident Individual—H person living or
attend ing school or day care tin a property
with an area of observed contamination and
whose residence, school, or day care center,
respectively, is on or within 200 frit I of the
area of observed contaminat ion.

• Worker—a person working on a property
with an area of observed conliimlnullon ami
whose workplace area is on or within 200 feel
of the area of observed contamination.

• Resources located on an area of
observed contamination, as specified in
section 5.1 .

• Terrestrial sensit ive environments
located on an area of observed
contamination, as specified in section 5.1 .

5.1 .3.1 Resident individual. Evaluate this
factor based on whether there is a resident
individual, as specified in section 5.1 .3, who
is subject to Level I or Level 11
concentrations.

First, determine those areas of observed
contamination subject to Level I
concentrations and those subject to Level 11
concentrations as specified in sections 2.5.1
and 2.5.2. Use the health-based benchmarks
from Table 5-3 in determining Ihe level of
contamination. Then assign a value to the
resident individual factor as follows:

• Assign a value of 50 if there is at least
one resident individual for one or more areas
subject lo Level 1 concentrations.

• Assign a value of 45 if there is no such
resident individuals, but there is at least one
resident individual for one or more areas
subject to Level II concentrations.

• Assign a value of 0 if there is no resident
individual.

Enter Ihe value assigned in Table 5-1.
5.1 .3.2 Resident population. Evaluate

resident population based on two factors:
Level 1 concentrations and Level II
concentrations. Determine which factor
applies as specified in sections 2.5.1 and 2.5.2.
using Ihe health-based benchmarks from
Table 5-3. Evaluate populations subject to
Level I concentrations as specified in section
5.1 .3.2. 1 and populations subject lo Level II
concentrations as specified in section
5. 1 .3 .2 .2.

TABLE 5-3.—HEALTH-BASED BENCH-MARKS FOR HAZARDOUS SUBSTANCESIN SOILS
• Screening concentrat ion for cancer

corresponding to lh;il concentration tha t
corresponds to the 10"" ind iv idua l cancer risk
for oral exposures.

• Screening concentrat ion for noncfincer
toxicologici i l responses corresponding to the
Reference Dose (RfD) for oral exposures.

section 5 . 1 .3 . In est imat ing Ihe number of
people living on property with an urea of
observed contaminat ion, when Ihe ritl irmitr
in baied on the number of residencies,
multiply each residence by the average
number of pcrnnnH per residence for Ihe
county in which Ihe residence is located

5 . 1 . 3 .2 . 1 /.en 1/ 1 i:iiiii:viitnitioiis. Sum Ihe
number of resident individuals subject lo
Level I concentrations and multiply this Hum
by 10. Assign the resulting product HS the
value for this factor Enter this value in Table
5-1.

5. 1 .3 .2 2 /.en1/ // cuticiHitratwns. Sum the
number of res ident individuals subject to
Level II concentrations. Uo not include those
fn.'UjJ ft. sJint/ity *au ui 11 irL' UHifM 'h IL '.arvi! •'.
concentrations factor. Assign this sum as the
value for this factor. Enter this value in Table
5-1.

5.1.3.2.3 Calculation of resident
population factor value. Sum the factor
values for l.evel 1 concentrations and Level II
concentrations. Assign (his sum as the
resident population factor value. Enter this
value in Table 5-1.

5 . 1 .3 .3 Workers. Evaluate this factor
bused on the number of workers that meet
the seclion 5. 1 .3 criteria. Assign a value for
these workers using Table 5-4. Enter this
value in Table 5-1.

TABLE 5-4.—FACTOR VALUES FOR
WORKERS

Number ol workers Assignedvalue
0 . . . . . . . . . . . . . . . . . . . . . . . .
1 to 1 0 0 . . . . . . .
101 to 1 .000.. .Greater than 1.000 .. .

0
5
10
15

5. 1 .3 .4 Rcsoiin:ns. Evaluate the resources
factor as follows;

• Assign a value of 5 to the resources
factor if one or more of the following is
present on an urea of observed
contamination at the site:

-Commercial agriculture.
-Commercial si lviculture.
-Commercial l ivestock production or

commercial l ivestock grazing.
• Assign H value of 0 if none of the above

are present .
Enter Ihe value assigned in Table 5-1.
5 . 1 .3 .5 Terrestrial sunsitivn tuivirunnmnts.

Assign valuc(s) from Table 5-5 lo each
terrestr ia l sens i t ive environment that meets
the el ig ibi l i ty cr i ler in of seclion 5 . 1 .3 .

Calculate a value (ES) for terrestr ia l
sens it ive environments as follows:

KS
n
I S,i 1

Count only those persons meet ing Ihe
cr i ter ia for resident individual iis specif ied in

where:
S, •= Vii l t ie | s ) assigned from Table .r>-.ri In

terres tr ia l sens i t ive environment i .

S-05IW OIO.VtMM I . ' -Dl-X'-W-11 :211 :22)
I- 1 i~ni r\ n
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n = Number of terrestrial sensilivc

environments meeting section 5.1 3
criteria.

Because the pathway score bused solely on
terrestrial sensitive environments is limited
to H maximum of 60. determine the value for
the lerrcslriul sensitive environments fuctor
us follows:

TABLE 5-5.—TERRESTRIAL SENSITIVE
ENVIRONMENTS RATING VALUES

Terrestrial sensitive environments Assignedvalue

Terrestrial critical habitat' lor Federal
designated endangered or threat-
ened species 100

National Park
Designated Federal Wilderness

Area
National Monument

Terrestrial habitat known to be used by
Federal designated of proposed
threatened or endangered species . . . . . . 75

National Preserve (terrestrial)
National or State Terrestrial Wild-

life Ftetuge
Federal land designated lor pro-

tection ot natural ecosystems
Administratively proposed Federal

Wilderness Area
Terrestrial areas utilized lor breed-ing by large or dense aggrega-
tions ol animalsb

Terrestrial habitat Known to be used byState designated endangered or
threatened species..- . . . . . . . . . . . . . . . . . . . . 50

Terrestrial 'naoltii 'Ktrowi. "a, >TSL
used by species under review as
to us Federal designated endan-
gered or threatened status

State lands designated tor wildlife or
game management.. . . . . . . . . . . . . . . . . . . . . . . . . 25

Stale designated Natural Areas
Particular areas, relatively small in
size, important to maintenance
of unique Biotic communities

"Critical habitat as defined in 50 CFR 424.02 ." Limit to vertebrate species
• Multiply the values assigned to Ihe

resident population threat for likelihood of
exposure (LE). waste characteristics (WC).
and ES. Divide the product by 82.500.

-If Ihc result is 60 or less, assign the
viilue ES as Ihe terrestrial sensitive
environments factor value.

-If Ihe result exceeds 60. calculate H
value F.C as follows:

the residenl population threat. F.nlrr this
value in Ttible 5-1

5 . 1 .4 Calculation i>f resident population
threat score. Multiply the values for
likelihood of exposure, wusle characteristics,
und targets for the resident population thrciil.
and round the product to Ihe nearest integer.
Assign this product us the resident
population thrcut score. Enter this score in
Table 5-1.

5.2 Nearby population Ihntat. Include in
the nearby population only those individuals
who live or attend school within H 1-mile
travel distance of an area of observed
contamination at the sile and who do not
meet the criteria for resident individual as
specified in section 5.1.3.

Do not consider areas of observed
contamination thut have an attract iveness/
accessibility factor value of 0 (sec section
5.2. 1 . 1 ) in evaluating the nearby population
threat.

5.2.1 Likelihood of exposure. Evaluate
two factors for the likelihood of exposure
factor category for the nearby population
threat: attractiveness/accessibility and area
of contamination.

5.2.1 .1 . A ttractiveness/accessibility.
Assign a value for attractiveness/
accessibility from Table 5-6 to each area of
observed contamination, excluding any land
used for residences. Select the highest value
assigned to the ureas evaluated and use it us
the value for the altractiveness/accessibility
factor. Enler this va'lue m™iH'o'ie'b-V

5.2.1.2 Area of contamination. Evaluate
area of contamination based on the total iircu
of Ihe areas of observed contamination at the
site. Count only the arcu(s] thai meet the
criteria in section 5.0.1 and that receive an
attractiveness/accessibi l i ty value greater
than 0. Assign u value to this factor from
Table 5-7. Enter this value in Table 5-1.

TABLE 5-6.—ATTRACTIVENESS/ACCESSIBILITY VALUES

EC (60| 182.500)
(l.E) (WC)

Assign the value EC us the terrestrial
sensitive environments factor value. Do not
round this value to the nearest inlergcr

Enter the value assigned for the terrestrial
sensitive environments factor in Table 5-1.

5 . 1 .3 .6 Calculation of resident population
tar)iitts factor category value. Sum the values
for the resident individual, residenl
population, workers, resources, and
terrestrial sensitive environments factors. Do
not round to Ihe nearesl integer. Assign this
sum ;is the targe t s factor category value for

Area of observed contamination

Designated recreational a r e a . . . . . . . . 100
Regularly used lor public recreation (for

example, fishing, hiking, soltbal l) . . . . . . . 75
Accessible and unique recreational area(lor example, vacant lots in urban

a r e a ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
Moderately accessible (may have some
access improvements—lor example,
gravel road), with some public recrea-
tion u s e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

Slightly accessible (lor example, ex-
tremely rural area with no road im-
provement), with some public recrea-
tion use, . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . 25

Accessible, with no public recreation
use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0

Surrounded by maintained lence or
combination ol maintained fence and
natural b a r r i e r s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

Physically inaccessible to public, with no
evidence ol public recreation use 0

TABLE 5-7.—AREA OF CONTAMINATION
FACTOR VALUES

Total area ol the areas ot observedcontamination (square le«l| Assignedvalue

Less than of equal to 5.000
Greater than 5.000 to 125.000
Greater than 125.000 to 250.000
Greater than 250.000 to 375.000
Greater than 375.000 to 500.000
Greater than 500.000

5
20
40
60
SO
100

: Assigned' value

5.2. 1 .3 Likelihood of exposure factor
i'.ott'iior\' value. Assign a value from Table
5-H to the likelihood of exposure factor
category, based on the values assigned to the
attraclivenesH/aci.fSsibilily and area of
contamination factors Enter this value in
Table 5-1.
TABLE 5-8.—NEARBY POPULATION LIKELI-

HOOD OF EXPOSURE FACTOR VALUES
Area olcontamination (actorvalue

too
80
60
40
20
5

Attractiveness/accessibilitylactor value
100 75 50 25 10 5 0

500 500 375,250 125 50 0
500 375 250 125 50 25 0
375 250 125 50
250 125 50 25
125 50 25 5
50 25 5 5

5 0
5 0
5 0
5 0

5.2.2 Waste chiirat:lvrislii:s. Evaluate
waste characterist ics basetl on'iwo'iaiJniwi.
toxicity and hazardous waste quantity.
Evaluate only those hazardous substances
that meet Ihe criteria for observed
contamination (see section 5.0.1 ) at areas that
can be assigned an attractiveness/
accessibility factor value greater than 0.

5.2.2.1 Toxicity. Assign a loxicily fuctor
value us specified in section 2.4.1.1 to each
hazardous substance meeting the criter ia in
section 5.2.2. Use Ihe hazardous substance
with the highest loxicity factor value to
assign the value to the toxicity factor for the
nearby population threat . Enler this value in
Table 5-1.

5.2.2.2 Hazardous waste quantity. Assign
a value to Ihc hazardous waste quantity
factor as specified in section 5 . 1 .2 .2 , except:
consider only those areas of observed
contamination that can be assigned an
attract iveness/access ib i l i ty factor value
greater than 0. Enter the value assigned in
Table 5-1.

5.2.2.3 Calculation of waste
characteristics factor category value.
Multiply the toxicity and hazardous waste
quantity factor values, subject to a maximum
product of 1 •> 10 ". Based on this product.
assign n value from Table 2-7 (sect ion 2 .4 .3 . 1 1
to Ihe waste characteristics factor category.
Enter this value in Table 5-1.

5.2.3 Targets. Evaluate the targets factory
category for the nearby population threat
based on two factors: nearby individual .mil
population within a 1-mile travel distance
from Ihe sitr

5 .2 .3 . 1 Nearliv individual. If one or niurr
persons mert the sect ion 5 . 1 . 3 r.r i ler ia for . i

S-051W)
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resident individual, assign this factor a value
of 0. Enter this value in Table 5-1.

If no person meets the criteria for a
resident individual, determine the shortest
travel distance from the site to any residence
or school. In determining the travel distance,
measure the-shortest overland distance an
individual would\travel from a residence or
school to the nearest area of observed
contamination for the site with an
attractiveness/accessibility factor value
greater than 0. If there are no natural barriers
to travel, measure the travel distance as the
shortest straight-line distance from the
residence or school to the area of observed
contamination. If natural barriers exist (for
example, a river), measure the travel distance
as the shortest straight-line distance from the
residence or school to the nearest crossing
point and from there as the shortest straight-
line distance to the area of observed
contamination. Based on the shortest travel
distance, assign a value from Table 5-9 to the
nearest individual factor. Enter this value in
Table 5-1.

TABLE 5-9.—NEARBY INDIVIDUAL FACTOR
VALUES

Travel distance lor nearby individual(miles) Assignedvalue
Greater than 0 to Vt..
Greater than '/, to 1 .
* Assign a value ol 0 if one or more persons meetthe section 5.1.3 criteria for resident individual.
5.2.3.2 Population within 1 mile.

Determine the population within each travel
distance category of Table 5-10. Count
residents and students who attend school
within this travel distance. Do not include
those people already counted in the resident
population threat Determine travel distances
as specified in section 5.2.3.1.
In estimating residential population, when

the estimate is based on the number of
residences, multiply each residence by the
average number of persons per residence for
the county in which the residence is located.

Based on the number of people included
within a travel distance category, assign a
distance-weighted population value for that
travel distance from Table 5-10.

Calculate the value for the population
within 1 mile factor (PN) as follows:

1 3PN=— Z W10 i = l
where:
W,=Distance-weighled population value

from Table 5-10 for travel distancecategory i.If PN is less than 1, do not round it to the
nearest integer; if PN is 1 or more, round to
the nearest integer. Enter this value in Table
5-1.5.Z3.3 Calculation of nearby populationtargets factor category value. Sum the valuesfor the nearby individual factor and thepopulation within 1 mile factor. Do not round
this sum to the nearest integer. Assign this
sum as the targets factor category value for
the nearby population threat. Enter this value
in Table 5-1.

TABLE 5-10.—DISTANCE-WEIGHTED POPULATION VALUES FOR NEARBY POPULATION THREAT •
Number of people within the travel distance category

Travel distance category (miles) 0

0nn

1 to 10

0 1
0.05
0.02

11 to 30

0.4
0.2
0.1

31 to100

1.0
0.7
0.3

101 to
300

4
2
1

301 to1,000

13
7
3

1.001 to
3,000

41
20
10

3,001 to10,000

130
65
33

10,001to30,000

408
204
102

30.001to100.000

1.303
652
326

100,001to300.000

4.081
2,041
1,020

300,001
10

1,000.000

13,034
6.517
3,258

• Round the number of people present within a travel distance category to nearest integer. Do not round the assigned distance-weighted population value tonearest integer.

5.2.4 Calculation of nearby population
threat score. Multiply the values forlikelihood of exposure, waste characteristics,and targets "for the nearby population threat,and round the product to the nearest Integer.
Assign this product as the nearby populationthreat score. Enter this score in Table 5-1.

5.3 Calculation of soil exposure pathwayscore. Sum the resident population threat
score and the nearby population threat score,
and divide the sum by 82,500. Assign the
resulting value, subject to a maximum of 100,
as the soil exposure pathway score {S.). Enter
this score in Table 5-1.

6.0 Air Migration Pathway
Evaluate the air migration pathway basedon three factor categories: likelihood of

release, waste characteristics, and targets.Figure 6-1 indicates the factors included
within each factor category.
Determine the air migration pathway score(S.) in terms of the factor category values as

follows:
(LR)(WC)(T)

SF

LR = Likelihood of release factor category
value.

WC=Waste characteristics factor category
value.

T=Targcts factor category value.
SF=Scaling factor.

Table 6-1 outlines the specific calculation
procedure.
BILLJNO CODE 6SW-50-U

where:
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TABLE 6-1.—AIR MIGRATION PATHWAY SCORESHEET

Factor categories and (actors Maximumvalue
Likelihood of Retona1. Observed Release........... . . . . . . . . . . . . . . . . . . .

2. Potential to Release:2a. Gas Potential to Release............2b. Paniculate Potential to Release.2c. Potential to Release (higher of line* 2a and 2b).3. Likelihood of Release (higher of lines 1 and 2c)...—Waste Characteristics
4. ToxicJty/MobiHty..__.._.__._._...._______.._5. Hazardous Waste Quantity.6. Waste Characteristics..-.-....Targets7. Nearest Individual...........—_8. Population:8a Level I Concentrations.6b. Level II Concentrations...80. Potential Contamination.

8d. Population (lines 6a 4-8b-f 8c)..9. Resources........._.._._..............10. Sensitive Environments10a Actual Contaminatkxi.............lOb. Potential Contamination..........
tOc. Sensitive Environments (lines 10ai 10C)... _

11. Targets (lines 7 + 8d+9H-lOc).._.................._.__Air Migration Pathway Score
12. Pathway Score (S.) [(lines 3> 6:- 111/82.500] «..

550
500
500
500
560

(a)100
60

(c)(c)(c)(b)
100

Valueassigned

• Maximum-value applies to waste characteristics category.* Maximum value not applicable.' No specific maximum value applies to factor However, patnway score basad solely on sersiiive environments is limited to maximum of 60.'""Do not rouno to neareit'tfteger. •

6.1 Likelihood of Release. Evaluate thelikelihood of release factor category in temis
of an observed release factor or a potantial to
release factor.

6.1.1 Observed release. Establish an
observed release to the atmosphere bydemonstrating that the site has released a
hazardous substance to the atmosphere. Basethis demonstration on either
• Direct observation—a material (for

example, particuiate matter) that contains
one or more hazardous substances has bean
seen entering the atmosphere directly. When
evidence support* the inference of a releaseof a material that contains one or more
hazardous substances by the site to the
atmosphere, demonstrated adverse effects
accumulated with that release may be usedto establish an observed release.
• Chemical analysis—an analysis of air

samplns indicates that the concentration of

ambient hazardous subalancc(s) has
increased significantly above the backgroundconcentration for the site (see section 2.3).
Some portion of the significant increase mustbe attributable to the site to establish the
observed release.
If an observed release can be established,

assign an observed release factor value of550, enter this value in Table 6-1. and
proceed to section 6.1.3. If an observedrelease cannot be established, assign an
observed release factor value of 0, enter this
value in Table 6-1, and proceed to section
6.1.2.

6.1.2 Potential to release. Evaluate
potential to release only if an observed
release cannot be established. Determine the
potential to release factor value for the site
by separately evaluating the gas potential to
release and the particuiate potential to
release for each source at the site. Select the

highest potential to release value {either gas
or particuiate) calculated for the sources
evaluated and assign that value as the site
potential to release factor value as specified
below.

6.1.2.1 Gas potential to release. Evaluate
gas potential to release for those sources that
contain gaseous hazardous substances—that
is, those hazardous substances with a vapor
pressure greater than or equal to 10*' torr.

Evaluate gas potential to release for each
source based on three factors: gas
containment, gas source type, and gas
migration potential. Calculate the gas
potential to release value as illustrated in
Table 6-2. Combine sources with similar
characteristics Into a single source in
evaluating the gas potential to release
factors.

TABLE 6-2.—GAS POTENTIAL TO RELEASE EVALUATION
Source

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
8 . . . . . . . . . . . . . . . . . . . . ..

Source type • Gas containmentfactor value •
A

Gas source typefactor value •
B

Gas migrationpotential factorvalue'
C

Sum

(B+C)

Gas source value

AIS- iC)

Gas Potential to Release Factor (Select the Highest Gas Source Valuo)
• Enter a Source Type listed in Tabte 6-4.• Enter Gas Containment Factor Value from section 6 1 .2 . 1 . 1' Enter Gas Source Type Factor Value from section 6. 1 .2 . 1 2.' Enter Gas Migration Potential Factor Valje from section 6 1 2.1 3
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B.I.2.1.1 Cos containment. Assign each

source a value from Table 6-3 for gas
containment. Use the lowest value from

Table 5-3 that applies to the source, except:
assign a value of 10 if there is evidence of

biugns release or if there is un active fire
within the source.

TABLE 6-3.—GAS CONTAINMENT FACTOR VALUES
Gas containment description Assignedvalue

All situations except those specifically usted below. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Evidence of biogas r e l e a s e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Active fire within s o u r c e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Gas collection/treatment system functioning, regularly inspected, maintained, and completely covering source . . . . . . . . . . . . . . . . .
Source substantially surrounded by engineering windbreak and no other containment specifically described in this table applies.......Source covered with essentially impermeable, regularly inspected, maintained c o v e r . . . . . . . . . . . . . . . . . . . . . . . . . . .Unconlaminated soil cover >3 feet:

• Source substantially vegetated with linle exposed so<i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
• Source lightly vegetated with much exposed soil... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .• Souce substantially devoid of v e g e t a t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Uncontaminated soil cover > t toot and > 3 feet:
• Source heavily vegetated with essentially no exposed s o i l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .—Cover soil type resistant to gas migration V . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

—Cover soil type not res>%ant to gas migration * or u n k n own . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
• Source substantially vegtialed with little exposed soil and cover soil type resistant to gas m i g r a t i o n ' . . . . . . . . . . . . . . . . . . . . . . . . . .
• O t h e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Uncontaminated soil cover < 1 loot:
• Source heavily vegetated with essentially no exposed soil and cover soil type resistant to gas migration * . . . . .
• • t f l rw r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Totally or partially enclosed within structurally intact building and no other containment specifically described in this table applies.
Source consists solely of intact, sealed containers:

• Totally protected from weather by regularly inspected, maintained c o v e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .• O t h e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

to10 -t o -
0
7
0
0
3
7

3
7
7
10

• This value must be used if applicable." Consider moist fine-grained and saturated coarse-grained soils resistant to gas migration. Consider all other soils norwesistant

6. 1 .2 . 1 .2 Cos source type. Assign a value
for gas source type lo each source as follows:

• Determine if the source meets the
minimum size requirement based on the
source hazardous waste quantity value (see
section 2.4.2 . 1 .5 ] . If the source receives a
source hazardous wasle quantity value of 0.5
or more, consider the source to meet the
minimum size requirerrHnl.

• If the source meets the minimum size
requirement, assign it u value from Table 6-4
for gas source type.

• If the source does not meet the minimum
size requirement, assign it a value of 0 for gas
source type.

If no source at the site meets the minimum
size requirement, assign each source ut the
site a value from Table 6-4 for gas source
type.

TABLE 6-4.—SOURCE TYPE FACTOR
VALUES

TABLE 6-4.—SOURCE TYPE FACTOR
VALUES—Concluded

AssignedvalueSource type

Active tire area .
Burn p i t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Containers or tanks (buned/below-

ground):
• Evidence of biogas release . . . . . . . .• No evidence of biogas release

Containers or tanks, not elsewhere
specified.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Contaminated soil (excluding landtreatment) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Landfarm/land treatment. . . . . . . . . . . . . . . . . .

Gas

1 4
19

33
1 1
28
19
28

v — -
Panic-ulate

30
22

22
22
14
22
22

S-OSI'W OI08(05M 13 -DEC- < >O- 1 1 :3 1 :4 . 1 )

Source type
Assignedvalue

Gas Partic-ulate
Landlill

• Evidence of biogas release 33 22
• No evidence of biogas release 11 22

Pile:
• Tailings p i l e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 28
• Scrap metal or junk pile . . . . . . . . . . . . . . 6 17
• Trash p i l e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 6
• Chemical waste p i l e . . . . . . . . . . . . . . . . . . . . . 11 28
• Other waste p i l e s . . . . . . . . . . . . . . . . . . . . . . . . . . 17 28

Surface impoundments (buried/
backfilled):
• Evidence of biogas re lease. . . . . . . . . 33 22
• No evidence of biogas release... 11 22

Surface impoundment (not buried'
backfilled):
• Dry... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 22
• O t h e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 0

Other types of sources, not else-
where s p e c i f i e d . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 0

6.1 .2. 1 .3 Gas migration potential. Evaluate
this factor for each source as follows:

• Assign a value for gas migration
potential to each of the gaseous hazardous
substances associated with Ihe source (see
section 2.2.2) as follows:

-Assign values from Table 6-5 for vapor
pressure and Henry's constant lo each
hazardous ̂ j'ustance. If Henry's
constant c»nnot be delprmined for u
hazardous substance, assign that
hazardous substance a value of 2 for
the Henry's constant component.

-Sum the two values assigned lo the
hazardous substance.

F4701.FMT.. . [ 16.30]. . .7-08-88

-Based on this sum. assign the hazardous
substance a value from Table 6-6 for
gas migration potential.

• Assign a value for gas migration
potential to each source as follows:

-Select three hazardous substances
associated with the source:

- -If more than three gaseous hazardous
substances can be associated with
the source, select three that have
Ihe highest gas migration potential
values.

- -If fewer than three gaseous
hazardous substances can be
associated with a source, select all
of them.

-Average Ihe gas migration potential
values assigned lo the selected
hazardous substances.

-Dased on this average value, assign the
source a gas migration potential value
from Table 6-7.

TABLE 6-5.—VALUES FOR VAPOR
PRESSURE AND HENRY'S CONSTANT

Vapor pressure (Torr)

Greater than 10
Greater than 10 Mo 10

Assignedvalue
3
210 Mo 10 V . . . . . . . t

Less than 10 V o

Henry's constant (atm-m Vmol) Assignedvalue
Greater than 10
Greater than 10
10 Mo 10 •
Less than 10

to 10
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TABLE 6-6.—GAS MIGRATION POTENTIALVALUES FOR A HAZARDOUS SUBSTANCE
Sum ol values toe vapor pressure andHenry's constant Assignedvalue

0 . . . . . . . . . . . .
1 or 2.
3 or 4.
5 or 6.

0
6
1 1

TABLE 6-7.—GAS MIGRATION POTENTIAL
VALUES FOR THE SOURCE

Average ol gas migration potentialvalues tor three hazardoussubstances •
Assignedvalue

0 to < 3
3 to < 8

TABLE 6-7.— GAS MIGRATION POTENTIALVALUES FOR THE SOURCE— Concluded

substances •
8 to < 14
14 t o 1 7 . . .

1 1
17

• it (ewer than three hazardous substance* can beassociated with the source, compute the averagebased only on those hazardous substances that canbe associated.
6.1.2.1.4 Calculation ofgcs potential to

release value. Determine the gas potential to
release value For each source as illustrated in
Table 6-2. For each source, sum the gas
source type factor value and gas migration
potential factor value and multiply this sum
by the gas containment factor value. Select
the highest product calculated for the sources
evaluated and assign it as the gas potential to
release value for the site. Enter this value in
Table 6-1.

6.1 .2.2 Paniculate potential to release.
Evaluate particulalc potential to release for

those sources that contain particulale
hazardous substances—that is. those
hazardous substances with a vapor pressure
less th«n or equal to 10" ' torr.
Evaluate particulate potential to release fur

each source based on three factors:
particulate containment, parliculate source
type, and particulale migration potential.
Calculate the particulale potential to release
value as illustrated in Table 6-8. Combine
sources with similar characteristics into u
single source in evaluating the particulute
potential to release factors.

6.1.2.2.1 Particulale containment. Assign
each source a value from Table 6-9 for
particulale containment. Use the lowest value
from Table 6-9 that applies to the source.

6.1.2.2.2 Particulate source type. Assign a
value for particulate source type to each
source in the same manner as specified for
gas sources in section 6.1.2.1.2.

6.1.2.2.3 Particulate migration potential.
Based on the site location, assign a value
from Figure 6-2 for purliculale migration
potential. Assign this same value to each
source at the site.

TABLE 6-8.—PARTICULATE POTENTIAL TO RELEASE EVALUATION
Source Source type • Paniculatecontainment (actorvalue"

Particulate typefactor value'
Particulatemigration potentialfactor value' Sum Paniculate sourcevalue

A (B + C)

Particulate Potential to Release Factor Value (Select Highest Particulate Source Value)
• Enter a Source Type listed in Table 6-4.• Enter Particulate Containment Factor Value from section 6 1.2 2 1• Enter Paniculate Source Type Factor Value from section 6.1 2.2.2.• Enter Paniculate Migration Potential Factor Value from section 6 . 1 .2 .2 .3 .

TABLE 6-9.—PARTICULATE CONTAINMENT FACTOR VALUES
Paniculate containment description Assignedvalue

All situations except those specifically listed below . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Source contains only paniculate hazardous substances totally covered by liquids.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Source substantially surrounded by engineered windbreak and no other containment specifically described in this table applies
Source covered with essentially impermeable, regularly inspected, maintained cover . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Uncontaminated soil cover > 3 feet

• Source substantially vegetated with little or no exposed soil . . . . . . . . . . . . . . . .
• Source lightly vegetated with much exposed soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .• Source substantially devoid o f vegetation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
• Source heavily vegetated with essentially no exposed soil:

—Cover soil type resistant to gas migration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
—Cover sod type not resistant to gas migration • or unknown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

• Source substantially vegetated with little exposed soil and cover soil type resistart to gas migration •
• Other . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Uncontaminated soil cover < 1 toot:
• Source heavily vegetated with essentially no exposed soil and cover soil type resistant to gas migration . . . . . . . . . . .
• Other . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Totally or partially enclosed within structurally intact building and no other containment specifically described in this table appliesSource consists solely ol containers:
• All containers contain only liquids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
• All containers intact, sealed, and totally protected Irom weather by regularly inspected, maintained cove r . . . . . . . . . . . . . .• All containers intact and sealed . . . . . . . .
• Other... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . " . . " . . . . ' ' " ' Z"'^'Z^^Z ''^"''. ".".'. """""^" • • • • • • • • • - • • • - • • •

— Consider moist fine-grained and saturated coarse-grained soils resistant to gas migration Consider all other soils nonresistant
BILLING CODE (S60-SO-M

10
0
7
0
0
3
7

3
7
7
10
7
10
7

0
0
3
10

OlfN(05KI3-DEC-<W-l 1 : 3 1 :49 )
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FIGURE 6-2.—PARTICULATE MIGRATION
POTENTIAL FACTOR VALUES—CONCLUDED

Location

Hawaiian Islands
Hilo. Hawaii.................. .........................Honolulu. Oahu. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Kahului. Maui. . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . .
Lanai.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Lihue. Kauai. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Motokai........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Pacific IslandsGuam.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Johnston Island.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Koror Island............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Kwajatoin Island... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Muiufo. Marshall Islands.. . . . . . . . . . . . . . . . . . . .Pago Pago. American Samoa........ . . . .Ponape Is land. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Truk. Caroline Islands . . . . . . . . . . . . . .Wake Island... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Yap Island. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

AlaskaAnchorage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Annette.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Barrow. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Barter Island.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
B e t h e l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Settles..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Big Celta. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cold Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fairbanks.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Gulkana..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Homer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Juneau . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
King Salmon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Kodak..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Kutzebue... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
McGrath . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Nome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
St. Paul I s l a n d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Talkeetna.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Unalakteet.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Valdez . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Yakutat, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

American Virgin Islands
St. Croix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
St. John . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
St. Thomas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Puerto Rico
Arecibo. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Coloso . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fajardo. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Humacao. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Isabela Station . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ponce . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
San Juan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Paniculatemigrationpotentialassignedvalue

0
17
17
171 1
17
6
17
0
6! o

' 0; o
0
17
0
1 7
0
1 7
17
1 7
17
17
6
17
17
1 1
0
1 1
0
17
1 7
1 1
1 1
6
17
0
0
17
1 1
1 1
6
6
1 1
6
1 1
17
1 1

For site locations not on Figure 6-2. and Tor
site locations near the boundary points on
Figure 6-2. assign a value as follows. First,
calculate a Thornthwaite P-E index using the
following equation:

12PE

T,=Mean monthly temperature for month i.
in degree* Fahrenheit: for any month
having a mean monthly temperature less
than 28.4 T. use 28.4 T.

Bated on the calculated Thornthwaite P-E
index, assign a source particulate migration
potential value to the site from Table 6-10.
Assign this same value to each source at the
site.

TABLE 6-10.—PARTICULATE MIGRATIONPOTENTIAL VALUES
Thornthwaite P-E Index

Greater than 150 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
85 to 150.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .50 to toss than B5Less than 50.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Assignedvalue
0
6
11
17

where:
PE = Thornthwaile P-E index
PI = Mean monthly precipitation for month i.

in inches.
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6.1.2.2.4 Calculation of particulate
potential to release value. Determine the
particulate potential to release value for each
source as illustrated in Table 6-8. For each
source, sum its particulate source type factor
value and particulate migration potential
factor value and multiply this sum by its
particulate containment factor value. Select
the highest product calculated for the sources
evaluated and assign it as the particulate
potential to release value for the site. Enter
the value in Table 6-1.

6.1.2.3 Calculation ofpoter'ial to release
factor value for the site. Select the higher of
the gas potential to release value assigned in
section 6.1.2.1.4 and the particulate potential
to release value assigned in section 6.1.2.2.4.
Assign the value selected as the site potential
to release factor value. Enter this value in
Table 6-1.

6.1.3 Calculation of likelihood of release
factor category value. If an observed release
is established, assign the observed release
factor value of 550 as the likelihood of release
factor category value. Otherwise, assign the
site potential to release factor value as the
likelihood of release factor category value.
Enter the value in Table 6-1.

6.2 Waste characteristics. Evaluate the
waste characteristics factor category based
on two factors: toxicily/mobility and
hazardous waste quantity. Evaluate only
those hazardous substances available to
migrate from the sources at the site to the
atmosphere. Such hazardous substances
include:

• Hazardous substances that meet the
criteria for an observed release to the
atmosphere.

• All gaseous hazardous substances
associated with a source that has a gas
containment factor value greater than 0 (see
section 2.2.2, 2.2.3, and 6.1 .2.1 .1 ] .

• All particulate hazardous substances
associated with a source that has a
particulate containment factor value greater
than 0 (see section 2.2.2. 2.2.3. and 6.1 .2.2.1 ) .

6.2.1 Toxicily/mobility. For each
hazardous substance, assign a toxicity factor
value, a mobility factor value, and a
combined loxicity/mobility factor value as
specified below. Select the toxicily/mobility
factor value for the air migration pathway as
specified in section 6.2.1.3.

6.2.1.1 Toxicity. Assign a toxicity factor
value to each hazardous substance as
specified in section 2.4.1.1.

6.2.1.2 Mobility. Assign a mobility factor
value to each hazardous substance as
follows:
• Gaseous hazardous substance.
-Assign a mobility factor value of 1 to

each gaseous hazardous substance
that meets the criteria for an observed
release to the atmosphere.

-Assign a mobility factor value from
Table 6-11. based on vapor pressure,
to each gaseous hazardous substance
that does not meet the criteria for an
observed release.

• Parliculate hazardous substance.
-Assign a mobility factor value of 0 02 to
each parliculate hazardous substance
that meets the criteria for an observed
release to the atmosphere.

-Assign a mobility factor value from
Figure 6-3. based on the site's location,
to each particulate hazardous
substance that does not meet the
criteria for an observed release.
(Assign all such particulate hazardous
substances this same value.)

-For site locations not on Figure 6-3 and
for site locations near the boundary
points on Figure 6-3. assign a mobility
factor value to each particulate
hazardous substance that does not
meet the criteria for an observed
release as follows:

-Calculate a value M:
M = 0.0182(U3/;PE| * )
where:
U = Mean average annual wind

speed (meters per second).
PE = Thornthwaite P-E index from

section 6.1.2.2.3.
-Based on the value M, assign a

mobility factor value from Table 6-
12 to each parliculate hazardous
substance.

• Caseous and particulate hazardous
substances.

-For a hazardous substance potentially
present in both gaseous and
particulale forms, select the higher of
the factor values for gas mobility and
particulate mobility for that substance
and assign that value as the mobility
factor value for the hazardous
substance.

6.2.1 .3 Calculation of toxicity/'mobility
factor value. Assign each hazardous
substance a toxicity/mobil ity factor value
from Table 6-13. based on the values
assigned to the hazardous substance for the
toxicity and mobility factors. Use the
hazardous substance with the highest
toxicity/mobility factor value to assign the
value to the toxici ly/mobil ity factor for the
air migration pathway. Enter this value in
Table 6-1.

F4701.FMT...[16,30]...7-08-88
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TABLE 6-11 .—GAS MOBILITY FACTOR TABLE 6-11 .—GAS MOBILITY FACTOR ' D° •*>' round "> new««

VALUES VALUES—Concluded
BILLING COOt (MO-SO-M

Vapor pressure (Ton) | A**«!̂ tl Vapor pressure (Toff)value
Greater than 10" ' . . . . . . . . . . . . . .
Greater than 10" Mo 10 " '
Greater than 10'Mo 10 ' J . . . . . . . . . . . . . . . . . . . . . . J 0.02

1.0 Greater than 10'Mo 10-' . . . . . . . . . . . . . . . . . . . . . . i 0.002
0.2 Less than or equal to 10". . . . . . . . . . . . . . . . . . . . . . ! 0.0002

S-051999 Oil 3(05X 1J-DEC-W-11 :31 :59)
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Kauai

Puerto Rico

.0002

* Do not round to nearest integer

Hawaii

.GOTO

FIGURE 6-3
PARTICULATE MOBILITY FACTOR VALUES'

(CONTINUED)
BILLING CODE C560-50-C
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FIGURE S-S.PARTICULATE MOBILITYFACTOR VALUES— CONTINUED

Location

Pacific islands

Koror Island .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Wake Island....................................... ....
Yao Island................ . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Particulatedmobilityassignedvalue

00002
0.002
0.00008
0.0002
0.00008
0.00008
0.00002
0.00008
0.002
0.00008

FIGURE 6-3.— PARTICULATE MOBILITYFACTOR VALUES — CONCLUDED

Location

American Virgin Islands
St. Crow ..................................................
St. John...................................................
St Thomas . .... ••«•».

Particulatedmobilityassignedvalue

0.0008
0.0002
0.0002

TABLE 6-12.— PARTICULATE MOBILITYFACTOR VALUES
M

Greater than 1.4 x 10 '..........................
Greater than 4.4 x 10"' to.... ..................1.4 x 10-'..............................................
Greater than 1.4 x 10" Mo.......... ............4.4 x 10-'..............................................
Greater than 4.4 x 10' Mo......................1.4 x 10-'..............................................
Greater than 1.4 x 10"Mo......................

44 x 10"' _ .....
Greater man 4.4 x 10' Mo......................1.4 x 10-'.-......._........_......................Less than or equal to 44 x 10"'. ..... .....

Assignedvalue •
0.02
0.008
0.002
0.0008
0.0002
0.00008
0.00002

Do not round lo nearest integer

TABLE 6-13.—TOXICITY/MOBILITY FACTOR VALUES '
Mobility factor value

1 . O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............._^
0.02. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..........................................................................................................................
0.008.. . . . . . . . . . . . . . . . . . . . . _ _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ . . . . . . . . . . . . . . . _ _ . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0.002.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................................................................................. ................_.......................
00008
00002 ..... . - _.......
0 00008 . .. ... . . . .
0.00002 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Toxictty factor value
10.000

10.000
2,000

200
80
20a

2
0.8
02

1,000

1,000
200

20
8
2
0.8
0.2
0.08
0.02

100

100
20
p

0.8
0.2
0.08
0.02
0.008
0.002

10

10
2
0.2
008
0.02
0.008

• 0.002
00008
00002

1

1
0.2
0.02
0.008
0.002
0.0008
0.0002
0.00008
0.00002

0

0
0
0
0
0
0
0
0
0

• Do not round to nearest integer

6.2.2 Hazardous waste quantity. Assign a
hazardous waste quantity factor value for the
air migration pathway as specified in section
2.4.2. Enter this value in Table 6-1.

6.2.3 Calculation of waste characteristics
factor category value. Multiply the toxicity/
mobility factor value and the hazardous
waste quantity factor value, subject to a
maximum product of 1 x 10'. Based on this
producU assign a value from Table 2-7
(section 2.4.3.1) to the waste characteristics
factor category. Enter this value in Table 6-1.

6.3 Targets.
Evaluate the targets factor category based

on four factors: nearest individual,
population, resources, and sensitive
environments. Include only those targets (for
example, individuals, sensitive environments)
located within the 4-mile target distance
limit, except: if an observed release is
established beyond the 4-mile target distance
limit, include those additional targets that are
specified below in this section and in section
6.3.4.

Evaluate the nearest individual and
population factors based on whether the
target populations ore subject to Level I
concentrations, Level II concentrations, or
potential contamination. Determine which
applies to a target population as follows.

If no samples meet the criteria for an
observed release to air and if there is no
observed release by direct observation,
consider the entire population within the
4-mile target distance limit to be subject to
potent ia l contamination.

If one or more samples meet the criteria for
an observed release to air or if there is an
observed release by direct observation,evaluate the population as follows:
• Determine the most distant sample

location that meets the criteria for Level Iconcentrations as specified in sections 2.5.1
and 2.5.2 and the most distant location (that
is, sample location or direct observationlocation) that meets the criteria for Level II
concentrations. Use the health-based
benchmarks from Table 6-14 in determining
the level of contamination for sample
locations. If the most distant Level II location
is closer to a source than the most distant
Level I sample location, do not consider the
Level II location.
• Determine the single most distant

location (sample location or direct
observation location) that meets the criteria
for Level I or Level H concentrations.
• If this single most distant location is

within the 4-mile target distance limit,
identify the distance categories from Table
6-15 in which the selected Level 1
concentrations sample and Level II
concentrations sample (or direct observation
location) are located:

-Consider the target population
anywhere within this furthest Level I
distance category, or anywhere within
a distance category closer to a source
at the site, as subject to Level I
concentrations.

-Consider the target population located
beyond any Level I distance

categories, up to and including the
population anywhere within the
furthest Level II distance category, as
subject to Level II concentrations.

-Consider the remainder of the target
population within the 4-mile target
distance limit as subject to potential
contamination.

• If the single most distant location is
beyond the 4-mile target distance limit,
identify the distance at which the selected
Level I concentrations sample and Level II
concentrations sample (or direct observation
location) are located;

-If the Level I sample location is within
the 4-mile target distance limit, identify
the target population subject to Level 1
concentrations as specified above.

-If the Level I sample location is beyond
the 4-mile target distance limit,
consider the target population located
anywhere within a distance from the
sources at the site equal to the
distance to this sample location to be
subject to Level 1 concentrations and
include them in the evaluation.

-Consider the target population located
beyond the Level 1 target population,
but located anywhere within a
distance from the sources at the site
equal to the distance to the selected
Level II location, lo be subject to Level
II concentrations and include them in
the evaluation.
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-Do not include any target population as
subject to potential contamination.

TABLE 6-14.—HEALTH-BASED
BENCHMARKS' ltW5fcrM"t¥t>fWRnni i^BENCHMARKS FOR HAZARDOUSSUBSTANCES IN AIR
• Concentration corresponding lo National

Ambient Air Quality Standard (NAAQS).
• Concentration corresponding to National

Emission Standards for Hazardous Air Pol-
lutants (NESHAPs).

• Screening concentration for cancer corre-
sponding lo that concentration that corre-
sponds to the 10"' individual cancer risk forinhalation exposures.

• Screening concentration for noncancer lox-
icological responses corresponding to the
Reference Dose (RfD) for inhalation expo-
sures.

TABLE 6-15.—AIR MIGRATION PATHWAY
DISTANCE WEIGHTS

distance to any residence or regularly
occupied building or area, as measured from
any source at the site with an air migration
containment factor value greater than 0.

Distance category (miles)

Greater than 0 lo '«. . . . . . . . . . . . . . . . . . . . .
Greater than '» lo '-i . . . . . . . . . . . . . . . . . . . . . . .
Greater than '* lo 1 . . . . . . . . . . . . . . . . .
Greater than 1 lo 2 . . . . . . . . . . . . . . . . . . . . . . . . .
Greater than 2 lo 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Greater than 3 to 4 . . . . . . . . .. . . . . . .
Greater than 4 . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . .

Assigneddistanceweight'
1 .0

0.25
0054
0.016

0.0051
0.0023
00014

0
• Do nol round to nearest integer
6.3. 1 Nearest individual. Assign Ihe

nearest individual factor a value as follows:
• If one or more residences or regularly

occupied buildings or areas is subject lo
Level I concentrations as specified in section
6.3. assign a value of SO.

• If not. but if one or more a residences or
regularly occupied buildings or areas is
subject lo Level II concentrations, assign a
value of 45.
• If none of the residences and regularly

occupied buildings and areas is subject to
Level I or Level II concentrations, assign a

'frre inoi'ies'i

Based on this shortest distance, assign a
value from Table 6-16 to the nearest
individual factor.

Enter the value assigned in Table 6-1.
TABLE 6-16.—NEAREST INDIVIDUAL

FACTOR VALUES
Distance to nearest individual (mles)

Level I concentrations' . . . . . .Level II concentrations'........... . . . . . . . . . . . . . .
Oto >^ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
GreaMMhan ^ to Vd. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Greater than >«. to 1/2 . . . . . . . . . . . . . . . . . . . . . . . . . . .
Greater than ^ to 1.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Assignedvalue
50
45
20
7
2
1
0

• Distance does not apply
6.3.2 Population. In evaluating the

population factor, count residents, students,
and workers regularly present within the
target distance limit. Do not count transient
populations such as customers and travelers
passing through the area.

In estimating residential population, when
the estimate is based on the number of
residences, multiply each residence by the
average number of persons per residence for
the county in which the residence is located.

6.3.2.1 Level of contamination. Evaluate
the population factor based on three factors:
Level I concentrations. Level II
concentrations, and potential contamination.

Evaluate the population subject to Level I
concentrations (see teclion 6.3) as specified
in section 6.3.2.2. the population subject to
Level II concentrations as specified in section
6.3.Z.3. and the population subject to potential
contamination as specified in section 6.3.2.4.

For the potential contamination factor, use
population ranges in evaluating the factor as
specified in section 6.3.2.4. For the Level I and
Level II concentrations factors, use the
population estimate, not population ranges, in
evaluating both factors.

8.3.2.2 Level I concentrations. Sum the
num'der o"i people subject to'Leve'l I

concentrations. Multiply this sum by 10.
Assign the product as the value for this
factor. Enter this value in Table 6-1.

B.3.2.3 • -l.nvfUl rtww/ifm/MMW.'Siim Ihr. . aa.2-1 , Level II canortitraltoiui Sum the
number of people subject to Level II
concentrations. Do not include those people
already counted under the Level 1
concentrations factor. Assign this sum as the
value for this factor. Enter this value in Table
6-1.

6.3.2.4 Potential contamination.
Determine the number of people within each
distance category of the target distance limit
(see Table 6-15) who are subject to potential
contamination. Do not include those people
already counted under the Level I and I*vel
II concentrations factors.

Based on the number of people present
within a distance category, assign a distance-
weighted population value for that distance
category from Table 6-17. (Note that the
distance-weighted population values in Table
6-17 incorporate the distance weights from
Table 6-15. Do not multiply the values from
Table 0-17 by these distance weights.)

Calculate the potential contamination
factor value (PI) as follows:

1 nPI = — I W,
10 i = l

where:
W, = Distance-weighted population from

Table 6-17 for distance category i.
n = Number of distance categories.

If PI is less than 1. do not round it to the
nearest integer: if PI is 1 or more, round to the
nearest integer. Enter this value in Table 6-1.

6.3.2.5 Calculation of population factor
value. Sum the factor values for Level I
concentrations. Level II concentrations, and
potential contamination. Do not round this
sum to the nearest integer. Assign this sum as
the population factor value. Enter this value
in Table 6-1.

TABLE 6-17.—DISTANCE-WEIGHTED POPULATION VALUES FOR POTENTIAL CONTAMINATION FACTOR FOR AIR PATHWAY"
Number ol people within the distance category

Distance category (miles)

On a source . . . . . . . . . . . . . . . . .
Greater than 0 to '4 . . . . . . . . . . . . . . . . . .
Greater than '•< to >>•> .... . . . . . . . . . . .
Greater than 'a to 1 . . . . . . . . . . . . . .
Greater than 1 to 2
Greater than 2 to 3 . . . . . . . . . . . . . .
Greater than 3 to 4 ...

0

0
. 0

0
, 0

0
0
0

1 10
10

41
0 2

006
002

0.009
0.005

11 to30

17
4

0 9
0 3

0.09
0.04
002

31 to
100

53
13
3

0 9
0.3
0 1

007

101to
300

164
41
9
3

0 8
04
02

301to
1.000

522
131
28
8
3
1

0.7

1 .001
10

3.000

1 .633
408
88
26
8
4
2

3.001 10
10.000

5.214
1.304
282
83
27
12
7

10.001
10

30.000

16.325
4.081
8E2
261
83
38
23

30.001 to
100.000

52. 137
13.034
2.815
834
266
120
73

100.001to
300.000

163.246
40.812
8.815
2.612
833
375
229

300.001 lo
1.000.000

521.360
130.340
28.153
8.342
2.659
1 . 199
730

1.000.001
to

3.000.000

1.632.455
408.114
88.153
26. 1 19
8.326
3.755
2,285

* Round the number of people preseinteger

6.3.3 Resources. Evaluate the resources
factor as follows:

• Assign a value of 5 if one or more of the
following resources are present within onr-

halF mile of H source at Ihe site having an uir

S-051999 011N05KH-DEC-90-11 :32:06)
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migration containment factor value greater
than 0:

-Commercial agriculture.
-Commercial silviculture.-Major or designated recreation area.

• Assign a value of 0 if none of these
resources is present.Enter the value assigned in Table 6-1.

6.3.4 Sensitive environments. Evaluatesensitive environments based on two factors:
actual contamination and potentialcontamination. Determine which factor
applies as follows.If no samples meet the criteria for an
observed release to air and if there is noobserved release by direct observation,
consider all sensitive environments located,partially or wholly, within the target distancelimit to be subject to potential contamination.If one or more samples meet the criteria foran observed release to air or if there is an
observed release by direct observation.determine the most distant location (that is,sample location or direct observation
location) that meets the criteria for an
T) asm-vet release:

• If the most distant location meeting the
criteria for an observed release is within the
4-mile target distance limit, identify the
distance category from Table 6-15 in which it
is located:

-Consider sensitive environments
located, partially or wholly, anywherewithin this distance category or
anywhere within a distance category
closer to a source at the site as subject
to actual contamination.

-Consider all oilier sensitive
environments located, partially or
wholly, within the target distance limitas subject to potential contamination.

• If the most distant location meeting the
criteria for an observed release is beyond the4-mile target distance limit, identify the
distance at which it is located:

-Consider sensitive environments
located, partially or wholly, anywherewithin a distance from the sources at
the site equal to the distance to this
location to be subject to actual

jg. contamination and include all such
jti sensitive environments in the
f evaluation.
F -Do not include any sensitive
! environments as subject to potential
1 contamination.

6.3.4.1 Actual contamination. Determine
those sensitive environments subject to
actual contamination (i.e., those locatedpartially or wholly within a distance category
subject to actual contamination). Assign
values) from Table 4-23 (section 4.1.4.3.1.1)
to each sensitive environment subject to
actual contamination.

For those sensitive environments that are
wetlands, assign an additional valup from
Table 6-18. In assigning a value from Table
6-13, include only those portions of wetlands
located within distance categories subject toactual contamination. If a wetland is located
partially, in a distance category subject to
actual contamination and partially in one
subject to potential contamination, then
solely for purposes of Table 6-18, count the
portion in the distance category subject to
po'entia! contamination under the potential

contamination factor in section 6.3.4.2.
Determine the total acreage of wetlands
within those distance categories subject to
actual contamination and assign a value from
Table 6-18 based on this total acreage.

Calculate the actual contamination factor
value (EA) as follows:

EA = WA+ 2 S,

where:
WA=Value assigned from Table 6-18 for

wetlands in distance categories subject
to actual contamination.

S,=Value(s) assigned from Table 4-23 tosensitive environment i.n=Number of sensitive environments subjectto actual contamination.
Enter the value assigned in Table 6-1.

TABLE 6-18.—WETLANDS RATING VALUESFOR AIR MIGRATION PATHWAY •
Wetland area (acres)

1 to 50..........................................................Greater than 50 to 100..............................Greater than 100 to 150............................Greater than 150 to 200............................Greater than 200 to 300.... . . . . . . . . . . . . . . . . . . . . . . . .Greater than 300 to 400............................Greater than 400 to 500............................Greater than 500 ........................................

Assignedvalue
0

25
75
125
175
250
350
450
500

•Wetlands as defined in 40 CFR section 230.3.
6.3.4.2 Potential contamination.

Determine those sensitive environments
located, partially or wholly, within the target
distance limit that are subject to potential
contamination. Assign value(s) from Table

4-23 to each sensitive environment subject
to potential contamination. Do not include
those sensitive environments already counted
for Table 4-23 under the actual
contamination factor.

For each distance category subject to
potential contamination, sum the value(s)
assigned from Table 4-23 to the sensitive
environments in that distance category. If a
sensitive environment is located in more than
one distance category, assign the sensitiveenvironment only to that distance category
having the highest distance weighting value
from Table 6-15.

For those sensitive environments that are
wetlands, assign an additional value from
Table 6-18. In assigning a value from Table
6-18, include only those portions of wetlands
located within distance categories subject to
potential contamination, as specified in
section 8.3.4.1. Treat the wetlands in each
separate distance category as separate
sensitive environments solely for purposes of
applying Table 6-18. Determine the total
acreage of wetlands within each of these
distance categories and assign a separate
value from Table 6-18 for each distance
category.

Calculate the potential contamination
factor value (EP) as follows:

Where:

1 mEP= - z ([WJ+S.IDJ10 j = l

nS,= 2

Su= Value(s) assigned from Table 4-23 to
sensitive environment in distancecategory j.

n= Number of sensitive environments subject
to potential contamination.

W,= Value assigned from Table 6-18 for
wetland area in distance category j.

D,= Distance weight from Table 6-15 for
distance category j.

m= Number of distance categories subject to
potential contamination.

If EP is less than 1, do not round it to the
nearest integer; if EP is 1 or more, round to
the nearest integer. Enter the value assigned

6.3.4.3 Calculation of sensitive
environments factor value. Sum the factor
values for actual contamination and potent ia l
contamination. Do not round this sum.
designated as EB, to the nearest integer.

Because the pathway score based solely on
sensitive environments is limited to a
maximum of 60, use the value EB to
determine the value for the sensitive
environments factor as follows:

• Multiply the values assigned to
likelihood of release (LR), waste
characteristics (WC), and EB. Divide the
product by 82,500.

-If the result is 60 or less, assign the
value EB as the sensitive environments
factor value.

-If the result exceeds 60, calculate a
value EC as follows:

EC = (60)(82,500)
(LR)(WC)

Assign the value EC as the sensitive
environments factor value. Do not round
this value to the nearest integer.

Enter the value assigned for the sensitive
environments factor in Table 6-1.

6.3.5 Calculation of targets factor
category value. Sum the nearest individual,
population, resources, and sensitive
environments factor values. Do not round this
sum to the nearest integer. Assign this sum as
the targets factor category value. Enter this
value in Table 6-1.

6.4 Calculation of air migration path wa v
score. Multiply the values for likelihood of
release, waste characteristics, and targets,
and round the product to the nearest integer.
Thgn divide by 82.500. Assign the resulting
value, subject to a maximum value of 100, as
the air migration pathway score (S.). Enter
this score in Table 6-1.
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7,0 Sites Containing Radioactive
Substances.

In general, radioactive substances are
hazardous substances under CERCLA and
should be considered in HRS scoring.
Releases of certain radioactive substances
are. however, excluded from the definition of

"release" in section 101(22) of CERCLA, ns
amended, and should not be considered in
HRS scoring.

Evaluate sites containing radioactive
substances using the instructions specified in
sectioni 2 through G, supplemented by the
instructions in this section. Those factors

denoted with a "yes" in Table 7-1 are
evaluated differently for sites containing
radioactive substances than for sites
containing only nonradioactive hazardous
substances, while those denoted with a "no'
are not evaluated differently and are not
addressed in this section.

TABLE 7-1.—HRS FACTORS EVALUATED DIFFERENTLY FOR RADIONUCUDES
Ground water pathway
Likelihood ol Raima

Net Precipitation ........ _ ..........Depth to AquHar . _ , _ ......_.

Waste Characteristic*

Mobility............................................

Targets
Nearest well . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Wellhead Protection Area ...........

Status •

Yes
NONo
No
No
No

Yes
No
Yes

Yes'
Yes'
No
No

Surface water pathway
Likelihood ol Release

Observed Release
Overland Flow Contain-mentRunoff. __ ___ .........Distance to Surface Water..

Waste Characteristics
Toxicity/Ecotoxicity. . . . . . . . . . . . . . . . . .

: Hazardous Waste Quantity.....
Target*

Human Food Chain Individ-ual.Human Food Chain Popula-tion.

Status*

YesNoNo
NoNoNo
No

Yes/
Yos

Yss/No
No
Yes

Yes bYesb

NoYes'
Yes"
Yes'

Soil exposure pathway
Likelihood of Exposure

Area ol Contamination .. ....

Waste Characteristic*

Targets

Workers...........................™ ....
Terrestrial Sensitive Environ-
ments.

Nearby Individual ...... ... .......... ...Population Within 1 Mile ........ .

Status?

YesNo

No

Yes
Yes

Yes'Yes'NoNo
No

No
No

Air pathway
Likelihood of Release

Gas Potential to Release........Gat Containment ................
Gas Source Type.. .... ...Gas Migration Potential ......Paniculate Potential toRelease................................Particulate Containment.....Paniculate Source Type.....Particulate Migration Po-tential.
Waste Characteristics

Mobility......................................

Targets

Status •

YesNoNo
No
No
No
No
No
No

Yes

NoYes

Yes *
Yes'
No
No

• Factors evaluated differently are denoted by "yes"; factors not evaluated differently are denoted by "no."' Difference is in the determination of Level I and Level II concentrations.

In general, sites containing mixed
radioactive and other hazardous substances
involve more evaluation than sites containing
only radionuclides. For sites containing
mixed radioactive and other hazardous
substances, HRS factors are evaluated based
on considerations of both the radioactive
substances and the other hazardous
substances in order to derive a single set of
factor values for each factor category in each
of the four pathways. Thus, the HRS score for
these sites reflects the combined potential
hazards posed by both the radioactive and
other hazardous substances.

Section 7 is organized by factor category,
similar to sections 3 through 6. Pathway-
specific differences in evaluation criteria are
specified under each factor category, as
appropriate. These differences apply largely
to the soil exposure pathway and to sites
containing mixed radioactive and other
hazardous substances. All evaluation criteria
specified in sections 2 through B must be met.
except where modified in section 7.

7.1 Likelihood of release/likelihood of
exposure. Evaluate likelihood of release for
the three migration pathways and likelihood
of exposure for the soil exposure pathway as

specified in sections 2 through 6, except:
establish an observed release and observed
contamination as specified in section 7.1.1.
When an observed release cannot be
established for a migration pathway, evaluate
potential to release as specified in section
7.1.2. When observed contamination cannot
be established, do not evaluate the soil
exposure pathway.

7.1.1 Observed release/observed
contamination. For radioactive substances,
establish an observed release for each
migration pathway by demonstrating that the
site has released a radioactive substance to
the pathway (or watershed or aquifer, as
appropriate); establish observed
contamination for the soil exposure pathway
as indicated below. Base these
demonstrations on one or more of the
following, as appropriate to the pathway
being evaluated:
• Direct observation:
-For each migration pathway, a material

that contains one or more
radionuclides haa been seen entering
the atmosphere, surface water, or
ground water, as appropriate, or is
known to have entered ground water

or surface water through direct
deposition, or

-For the surface water migration
pathway, a source area containing
radioactive substances has been
flooded at a time that radioactive
substances were present and one or
more radioactive substances were in
contact with the flood waters.

• Analysis of radionuclide concentrations
in samples appropriate to the pathway (that
is. ground water, soil, air, surface water,
benthic, or sediment samples):

-For radionuclides that occur naturally
and for radionuclides that arc
ubiquitous in the environment:

--Measured concentration (in units of
activity, for example. pCi per
kilogram [pCi/kg], pCi per liter
|pCi/l|, pCi per cubic meter [pCi/
m3]) of a given radionuclide in the
sample arc ut a level that:
- - -Equals or exceeds a value 2

standard deviations above the
mean site-specific background
concentration for that
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radionuclide in that type of
sample, or

- - -Exceeds the upper-limit value
of the range of regional
background concentrationvalues for that specific
radionuclide in that type of
sample.- -Some portion of the increase must be

attributable to the site to establish
the observed release (or observed
contamination), and- -For the soil exposure pathway only.the radionuclide must also bepresent at the surface or covered by2 feet or less of cover material (forexample, soil) to establish observed
contamination.-For man-made radionuclides without

ubiquitous background concentrationsin the environment:
- -Measured concentration (in units of

activity) of a given radionuclide ina sample equals or exceeds the
sample quantitation limit for that
specific radionuclide in that type of
media and is attributable to the
site.

- -However, if the radionuclide
concentration equals or exceeds its
sample quanlilation limit, but its
release can also be attributed toone or more neighboring sites, then
the measured concentration of that
radionuclide must also equal or
exceed a value either 2 standard
deviation! aoove'ine meanconcentration of that radionuclide
contributed by those neighboringsites or 3 times its background
concentration, whichever is lower.- -IF the sample quantitation limit
cannot be established:
- - -If the sample analysis was

performed under the EPA
Contract Laboratory Program,
use the EPA contract-required
quantitation limit (CRQL) in
place of the sample
quanlitation limit in
establishing an observed
release (or observed
contamination].- - -If the sample analycis is notperformed under the EPA
Contract Labatory Program.
use the detection limit inplace of the sample
quantitation limit.

- -For the soil exposure pathway only,
the radionuclide must also be
present at the surface or covered by
2 feet or less of cover material (for
example, soil) to establish observed
contamination.

- Gamma radiation measurements (applies
only to observed contamination for the soil
exposure pathway):

-The gamma radiation exposure rate, as
measured in microroentgens per hour
(/iR/hr) using a survey instrument held
1 meter above the ground surface (or 1
meter away from an aboveground
source), equals or exceeds 2 times the
site-specific background gammaradiation exposure rate.

S-051999 0119(05X13-DEC-90-11 :32:21)

-Some portion of the increase must beattributable to the site to establish
observed contamination. The gamma-
emitting radionuclides do not have to
be within 2 feet of the surface of the
source.

For the three migration pathways, if anobserved release can be established for thepathway (or aquifer or watershed, asappropriate), assign the pathway (or aquiferor watershed) an observed release factor
value of 550 and proceed to section 7.2. If an
observed release cannot be established,assign an observed release factor value of 0and proceed to section 7.1.2.

For the soil exposure pathway, if observedcontamination can be established, assign the
likelihood of exposure factor for residentpopulation a value of 550 if there is an area ofobserved contamination in one or morelocations listed in section 5.1: evaluate thelikelihood of exposure factor for nearbypopulation as specified in section 5.2.1; andproceed to section 7.2. If observedcontamination cannot be established, do not
evaluate the soil exposure pathway.

At sites containing mixed radioactive and
other hazardous substances, evaluateobserved release (or observedcontamination) separately for radionuclides
as described in this section and for other
hazardous substances as described in
sections 2 through 6.

For the three migration pathways, if an
observed release can be established based on
either radionuclides or other hazardoussubstances, or both, assign the pathway (or
aquifer or watershed) an observed release
factor value of 550 and proceed to section 7.2.
If an observed release cannot be established
based on either radionuclides or other
hazardous substances, assign an observed
release factor value of 0 and proceed to
section 7.1.2.

For the soil exposure pathway, if observed
contamination can be established based on
either radionuclides or other hazardous
substances, or both, assign the likelihood of
exposure factor for resident population a
value of 550 if there is an area of observed
contamination in one or more locations listed
in section 5.1: evaluate the likelihood of
exposure factor for nearby population as
specified in section 5.2.1; and proceed to
section 7.2. If observed contamination cannotbe established based on either radionuclides
or other hazardous substances, do not
evaluate the soil exposure pathway.

7.1.2 Potential to release. For the three
migration pathways, evaluate potential to
release for sites containing radionu:-!Hes in
the same manner as specified for sites
containing other hazardous substances. Base
the evaluation on the physical and chemical
properties of the radionuclides. not on their
level of radioactivity.

For sites containing mixed radioactive and
other hazardous substances, evaluate
potential to release considering radionuclides
and other hazardous substances together.
Evaluate potential to release for each
migration pathway as specified in sections 3,
4, or 6. as appropriate.

7.2 Waste characteristics. For radioactive
substances, evaluate the human toxicity
factor, the ecosystem toxicity factor, the
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surface water persistence factor, and the
hazardous waste quantity factor as specified
in the following sections. Evaluate all other
waste characteristic factors as specified in
sections 2 through I

7.2.1 Human toxicily. For radioactive
substances, evaluate the human toxicity
factor as specified below, not as specified in
section 2.4.1.1.

Assign human toxicity factor values tothose radionuclides available to the pathwaybased on quantitative dose-response
parameters for cancer risks as follows:
• Evaluate radionuclides only on the basis

of carcinogenicily and assign all
radionuclides to weighl-of-evidence category
A.

• Assign a human toxicity factor value
from Table 7-2 to each radionuclide based on
its slope factor (also referred to as cancer
potency factor).

-For each radionuclide, use the higher of
the slope factors for inhalation and
ingestion to assign the factor value.

-If only one slope factor is available for
the radionuclide. use it to assign the
toxicity factor value.

-If no slope factor is available for the
radionuclide, assign that radionuclide
a toxicily factor value of 0 and use
other radionuclides for which a slope
factor is available to evaluate the
pathway.

• If all radionuclides available to a
particular pathway are assigned a human
toxicity factor value of 0 (that is. no slope
factor is available for all the radionuclides),
use a default human toxicity factor value of
1.000 as the human toxicity factor value for
all radionuclides available to the pathway.

At sites containing mixed radioactive and
other hazardous substances, evaluate the
toxicity factor separately for the radioactive
and other hazardous substances and assign
each a separate toxicity factor value. This
applies regardless of whether the radioactive
and other hazardous substances are
physically separated, combined chemically,
or simply mixed together. Assign toxicity
factor values to the radionuclides as specified
above and to the other hazardous substances
as specified in section 2.4.1.1.At sites containing mixed radioactive and
other hazardous substances, if all
radionuclides available to a particularpathway are assigned a human toxicity factor
value of 0. use a default human toxicity factor
value of 1.000 for all those radionuclides even
if nonradioactive hazardous substances
available to the pathway are assigned human
toxicity factor values greater than 0.
Similarly, if all nonradioactive hazardous
substances available to the pathway are
assigned a human toxicity factor value of 0,
use a default human loxicity factor value of
100 for all these nonradioactive hazardous
substances even if radionuclides available to
the pathway are assigned human loxicity
factor values greater than 0.

7.2.2 Ecosystem toxicity. For the surface
water environmental threat (see sections 4.1.4
and 4.2 4). assign an ecosystem toxicily factor
value lo radionuclides (alone or combined
chemically or mixed with other hazardous
substances) using the same slope factors and
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procedures specified for the human toxicily
factor in teclion 7.2.1. except: use a default of
100. not 1.000. if all radionuclides eligible to
be evaluated for ecosystem loxicity receive
an ecosystem toxicily factor value of 0.

TABLE 7-2.—TOXICITY FACTOR VALUESFOR RADIONUCLIDES
Cancer slop* (actor • (SF) (pCi)- >

3 x 10- "s SF.................................................
3x 10- "sSF<3x 10-"......... . . . . . . ............

SF<3x10""
SF not available lor the radionuclide .........
• Radionuclide stooo tacton arc Mttna

Assignedyaw*
100001,000

100
0

1*1 ol aoe-averaged, individual Matfmt total meat* cancer n*kper picocuri* ol radionudida inhaled or ingested.
At sites containing mixed radioactive and

other hazardous substances, evaluate 'he
ecosystem toxicity factor separately for the
radioactive and other hazardous substances
and assign each a separate ecosystem
toxicity factor value. This applies regardless
of whether the radioactive and other
hazardous substances are physically
separated, combined chemically, or simply
mixed together. Assign ecosystem toxicity
factor values to the radionuclides as specified
above and to the other hazardous substances
as specified in sections 4.1.42.1.1 and
4.2.4.2.1.1. If all radionuclides available to a
particular pathway are assigned an
ecosystem toxicity factor value of 0. use a
default ecosystem toxicity factor value of 100
for all these radionuclides even if
nonradioactive hazardous substances
available to the pathway are assigned
ecosystem loxicity factor values greater than
0. Similarly, if all nonradioactive hazardous
substances available to the pathway are
assigned an ecosystem toxicity factor value
of 0. use a default ecosystem toxicity factor
hazardous substances even if radionuclides
available to the pathway are assigned
ecosystem toxicity factor values greater than
0.

7.2.3 Persistence. For radionuclides.
evaluate the surface water persistence factor
based solely on half-life; do not include
sorption lo sediments in the evaluation as is
done for nonradioactive hazardous
substances. Assign a persistence factor value
from Table 4-10 (section 4.1.2.2.1.2) to each
radionuclide based on half-life (t, /,)
calculated as follows:

1
1 + 1F v

where:
r = Radioactive half-life.
v = Volati l ization half-life.

If the volatilization half-life cannot be
est imated for a radionuclide from available
data, delete it from the equation. Select the
portion of Table 4-10 to use in assigning the
persistence factor value as specified in
section 4.1 .2.2.1 .2.
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At sites containing mixed radioactive and
other hazardous substances, evaluate the
persistence factor separately for each
radionuclide and for each nonradioactive
hazardous substance, even if the available
data indicate that they are combined
chemically. Assign a persistence factor value
to each radionuclide as specified in this
section and lo each nonradioactivehazardous substance as specified in section4.1.2.2.1.2. When combined chemically, assigna tingle persistence factor value based on thehigher of the two values assigned
(individually) lo the radioactive and
nonradioactive components.7.2.4 Selection of substance potentially
posing greatest hazard. For each migrationpathway (threat, aquifer, or watershed, as
appropriate), select the radioactive substance
or nonradioactive hazardous substance that
potentially poses the greatest hazard based
on its toxicity factor value, combined with
the applicable mobility, persistence, and/or
bioaccumulation (or ecosystem
bioaccumulation) potential factor values.
Combine these factor values as specified in
sections 2, 3.4, and 6. For the soil exposure
pathway, base the selection on the toxicity
factor alone (see sections 2 and 5).

7.2.5 Hazardous waste quantity. To
calculate the hazardous waste quantity factor
value for sites containing radioactive
substances, evaluate source hazardous waste
quantity (see section 2.4.2.1) using only the
following two measures in the following
hierarchy (these measures are consistent
with Tiers A and B for nonradioactive
hazardous substances in sections 2.4.2.1.1
and 2.4.2.1.2):

• Radionuclide constituent quantity (Tier
A).

• Radionuclide wastestream quantity (Tier
B).

7.2.5.1 Source hazardous waste quantity
for radionuclides. For each migration
•j/tf hi way, vsn'rgn n "source 'razarboua waSte
quantity value to each source having a
containment factor value greater than 0 for
the pathway being evaluated. For the soil
exposure pathway, assign a source hazardous
waste quantity value to each area of
observed contamination, as applicable to the
threat being evaluated. Allocate hazardous
substances and hazardous waslestreams to
specific sources (or areas of observed
contamination) as specified in section 2.4.2.

7.2.5.1.1 Radionuclide constituent
quantity (Tier A). Evaluate radionuclide
constituent quantity for each source (or area
of observed contamination) based on theactivity content of the radionuclides
allocated to the source (or area of observed
contamination) as follows:

• Estimate the net activity content (in
curies) for the source (or area of observed
contamination) based on:

-Manifests, or
-Either of the following equations, as
applicable:

= 9.1x lO-'(V) AC,

where:

or,

N=Eslimaled net activity content
(in curies) for the source (or
area of observed
contamination).

V=Total volume of material (in
cubic yards) in a source (or
area of observed
contamination) containing
radionuclides.

AC,=Activity concentration above
the respective background
concentration (in pCI/g) for
each radionuclide I allocated
to the source (or area ofobserved contamination).

n = Number of radionuclides
allocated to the source (or
area of observed
contamination) above the
respective background
concentrations.

AC,

where:
N = Estimated net activity content

(in curies) for the source (or
area of observed
contamination).

V=Total volume of material (in
gallons) in a source (or area of
observed contamination)
containing radionuclides.

AC, = Activity concentration above
the respective background
concentration (in pCi/1) for
each radionuclide i allocated
to the source (or area of
observed contamination).

n = Number of radionuclides
^ I loca'ieti '10 "tore w) urce 'tor
area of observed
contamination) above the
respective background
concentrations.

- -Estimate volume for the source (or
volume for the area of observed
contamination) based on records or
measurements.

- -For the soil exposure pathway, in
estimating the volume for areas of
observed contamination, do not
include more than the first 2 feet of
depth, except: for those types of
areas of observed contamination
listed in Tier C of Table 5-2
(section 5.1.2.2). include the entire
depth, nol jusl that within 2 feet of
the surface.

• Convert from curies of radionuclides lo
equivalent pounds of nonradioaclive
hazardous substances by multiplying the
activity estimate [or the source (or area of
observed contamination) by 1.000.

• Assign this resulting product as the
radionuclide const i tuent quantity value for
the source (or area of observed
contamination).

If the radionuclide constituent quantity for
the source (or area of observed

F4701.FMT...[16,30]...7-08-88



51666 Federal Register / Vol. 55. No. 241. / Friday. December 14. 1990 / Rules and Regulations
contamination) it adequately determined
(that is. the total activity of all radionuclidet
in the source and releases from the source (orin the area of observed contamination) is
known or is estimated with reasonable
confidence), do not evaluate the radionuclide
wastestream quantity measure in section7.2.5.1.2. Instead, assign radionuclide
wastestream quantity a value of 0 andproceed to section 7.2.5.1.3. If the
radionuclide constituent quantity is notadequately determined, assign the source (or
area of observed contamination) a value forradionuclide constituent quantity based on
the available data and proceed to section
7.2.5.1.2.7.2.5.1.2 Radionuclide wastestream
quantity (Tier B). Evaluate radionuclide
wastestream quantity for the source (or area
of observed contamination) based on the
activity content of radionuclide wastestreams
allocated to the source (or area of observed
contamination) as follows:
• Estimate the total volume (in cubic

yards or in gallons) of wasteslreams
containing radionuclides allocated to the
source (or area of observed contamination).

• Divide the volume in cubic yards by
0.55 (or the volume in gallons by 110) to
convert to the activity content expressed in
terms of equivalent pounds of nonradioactive
hazardous substances.

• Assign the resulting value as the
radionuclide wastestream quantity value for
the source (or area of observed
contamination).

7.2.5.1.3 Calculation of source hazardous
waste quantity value for radionuclides.
Select the higher of the values assigned to the
source (or area of observed contamination)
for radionuclide constituent quantity and
radionuclide wastestream quantity. Assign
this value as the source hazardous waste
quantity value for the source (or area of
observed contamination). Do not round to the
nearest integer.

7.2.5.2 Calculation of hazardous waste
quantity factor value for radionuclides. Sum
the source hazardous waste quantity values
assigned to all sources (or areas of observed
contamination) for the pathway being
evaluated and round this sum to the nearest
integer, except: if the sum is greater than 0.
but less than 1. round it to 1. Based on this
value, select a hazardous waste quantity
factor value for this pathway from Table 2-6
(section 2.4.2.2).

For a migration pathway, if the
radionuclide constituent quantity is
adequately determined (see section 7.2.5.1.1)
for all sources (or all portions of sources and
releases remaining after a removal action),
assign the value from Table 2-6 as the
hazardous waste quantity factor value for the
pathway. If the radionuclide constituent
quantity is not adequately determined for one
or more sources (or one or more portions of
sources or releases remaining after a removal
action), assign a factor value as follows:

• If any target for that migration pathway
is subject to Level I or Level II concentrations
(see section 7.3), assign either the value from
Table 2-6 or a value of 100, whichever is
greater, as the hazardous waste quantity
factor value for that pathway.
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• If none of the targets for that pathway is
subject to Level I or Level II concentrations,
assign a factor value as follows:

-If there has been no removal action,
assign either the value from Table 2-6or a value of 10, whichever is greater.
as the hazardous waste quantity factorvalue for that pathway.-If then has been a removal action:- -Determine values from Table 2-6with and without consideration ofthe removal action.- -If the value that would be assignedfrom Table 2-6 withoutconsideration of the removal actionwould be 100 or greater, assigneither the value from Table 2-6with consideration of the removalaction or • value of 100. whicheveris greater, as the hazardous wastequantity factor value for the

pathway.- -If the value that would be assigned
from Table 2-6 without
consideration of the removal action
would be less than 100. assign a
value of 10 as the hazardous waste
quantity factor value for thepathway.

For the soil exposure pathway, if the
radionuclide constituent quantity is
adequately determined for all areas of
observed contamination, assign the value
from Table 2-6 as the hazardous waste
quantity factor value. If the radionuclideconstituent quantity is not adequately
determined for one or more areas of observedcontamination, assign either the value from
Table 2-6 or a value of 10, whichever is
greater, as the hazardous waste quantity
factor value.

7.2.5.3 Calculation of hazardous waste
quantity factor value for sites containing
mixed radioactive and other hazardoussubstances. For each source (or area of
observed contamination) containing mixed
radioactive and other hazardous substances,
calculate two source hazardous waste
quantity values—one based on radionuclides
as specified in sections 7.2.5.1 through
7.2.5.1.3 and the other based on the
nonradioactive hazardous substances as
specified in sections 2.4.2.1 through 2.4.2.1.5
(that is, determine each value as if the othertype of substance was not present). Sum the
two values to determine a combined sourcehazardous waste quantity value for the
source (or area of observed contamination).
Do not round this value to the nearest integer.

Use this combined source hazardous waste
quantity value to calculate the hazardous
waste quantity factor value for the pathway
as specified in section 2.4.2.2. except: if either
the hazardous constituent quantity or the
radionuclide constituent quantity, or both,
are not adequately determined for one or
more sources (or one or more portions of
sources or releases remaining after a removal
action) or for one or more areas of observed
contamination, as applicable, assign the
value from Table 2-6 or the default value
applicable for the pathway, whichever is
greater, as the hazardous waste quantity
factor value for the pathway.

7.3 Targets. For radioactive substances,
evaluate the targets factor category as
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specified in section 2.5 and sections 3 through
6, except: establish Level I and Level II
concentrations at sampling locations as
specified in sections 7.3.1 and 7.3.2.

For all pathways (and threats), use the
same target distance limits for sitescontaining radioactive substances as is
specified in sections 3 through 6 for sites
containing nonradioaclive hazardous
substances. At sites containing mixed
radioactive and other hazardous substances,include all sources (or areas of observed
contamination) at the site In Identifying the
applicable targets for the pathway.

7.3.1 Level of contamination at a
sampling location. Determine whether Level I
or Level II concentration* apply at a sampling
location (and thus to the associated targets)
as follows:

• Select the benchmarks from section 7.3.2
applicable to the pathway (or threat) being
evaluated.

• Compare the concentrations of
radionuclides in the sample (or comparable
samples) to their benchmark concentrations
for the pathway (or threat) as specified in
section 7.3.2. Treat comparable samples as
specified in section 2.5.1.
• Determine which level applies based on

this comparison.
• If none of the radionuclides eligible to be

evaluated for the sampling location have an
applicable benchmark, assign Level II to the
actual contamination at that sampling
location for the pathway (or threat).
• In making the comparison, consider only

those samples, and only those radionuclides
in the sample, that meet the criteria for an
observed release (or observed
contamination) for the pathway, except:
tissue samples from aquatic human food
chain organisms may also be used for the
human food chain threat of the surface water
pathway as specified in sections 4.1.3.3 and
4.2.3.3.

7.3.2 Comparison to benchmarks. Use the
following media specific benchmarks
(expressed in activity units, for example, pCi/
1 for water, pCi/kg for soil and for aquatic
human food chain organisms, and pCi/m1 for
air) for making the comparisons for the
indicated pathway (or threat):

• Maximum Contaminant Levels (MCLs)—
ground water migration pathway and
drinking water threat in surface water
migration pathway.

• Uranium Mill Tailings Radiation Control
Act (UMTRCA) standards—soil exposure
pathway only.
• Screening concentration for cancer

corresponding to that concentration that
corresponds to the 10'* individual cancer risk
for inhalation exposures (air migration
pathway) or for oral exposures (ground water
migration pathway; drinking water or human
food chain threats in surface water migration
pathway: and soil exposure pathway).

-For the soil exposure pathway, include
two screening concentrations for
cancer—one for ingestion of surface
materials and one for external
radiation exposures from gamma-
emitting radionuclides in surface
materials.
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Select the benchmark(s) applicable lo the

pathway (or threat) being evaluated.
Compare the concentration of each
radionuclide from the sampling location to its
benchmark concentration(i) for that pathway
(or threat). Use only those samples and only
those radionuclides in the sample that meetthe criteria for an observed release (or
observed contamination) for the pathway,
except: tissue samples from aquatic humanfood chain organisms may be used as
specified in sections 4.1.3.3 and 4.2.3.3. If theconcentration of any applicable radionuclidefrom any sample equals or exceeds itsbenchmark concentration, consider thesampling location to be subject to Level Iconcentrations for that pathway (or threat). Ifmore than one benchmark applies to the
radionuclide, assign Level I if the
radionuclide concentration equals or exceeds
the lowest applicable benchmark
concentration. In addition, for the soil
exposure pathway, assign Level I
concentrations at the sampling location if
measured gamma radiation exposure rates
equal or exceed 2 times the background level
(see section 7.1.1).

If no radionuclide individually equals or
exceeds its benchmark concentration, but

more than one radionuclide either meets thecriteria for an observed release (or observed
contamination) for the sample or is eligible to
be evaluated for a tissue sample (see sections
4.1.3.3 and 4.2.3.3). calculate a value for indexI for these radionuclides as specified in
section 2.5.2. If I equals or exceeds 1. assign
Level I to the sampling location. If I is lessthan 1. assign Level II.At sites containing mixed radioactive andother hazardous substances, establish the
level of contamination for each samplinglocation considering radioactive substances
and nonradioactlve hazardous substancesseparately. Compare the concentration ofeach radionuclide and each nonradioactivehazardous substance from the samplinglocation to Us respective benchmark
concentration(s). Use only those samples andonly those substances In the sample thatmeet the criteria for an observed release (or
observed contamination) for the pathway
except: tissue samples from aquatic human
food chain organisms may be used as
specified in sections 4.1.3.3 and 4.2.3.3. If the
concentration of one or more applicable
radionuclides or other hazardous substancesfrom any sample equals or exceeds its
benchmark concentration, consider the

sampling location to be subject to Level I
concentrations. If more than one benchmark
applies to a radionuclide or other hazardous
substance, assign Level I if the concentration
of the radionuclide or other hazardous
substance equals or exceeds its lowest
applicable benchmark concentration.

If no radionuclide or other hazardous
substance individually exceed a benchmark
concentration, but more than one
radionuclide or other hazardous substance
either meets the criteria for an observed
release (or observed contamination) for the
sample or Is eligible to be evaluated for a
tissue sample, calculate an index I for both
types of substances as specified in section
2.5.2, Sum the index I values for the two types
of substances. If the value, individually or
combined, equals or exceeds 1. assign Level I
to the sample location. If it is less than 1.
calculate an index ] for the nonradioactive
hazardous substances as specified in section
2.5.2. If ] equals or exceeds 1. assign Level I to
the sampling location. If) is less than 1,
assign Level II.
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